Photometric observations of the Type Ia SN 2002er in UGC 10743 by Pignata, G. et al.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The version of the following full text has not yet been defined or was untraceable and may
differ from the publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/60131
 
 
 
Please be advised that this information was generated on 2017-12-06 and may be subject to
change.
ar
X
iv
:a
st
ro
-p
h/
04
08
23
4v
! 
12 
Au
g 
20
04
Mon. Not. R. A stron. Soc. 000 , 1-15  (2002) P rin ted  2 February  2008 (MN L T e X style file v2.2)
P h otom etric  O bservations o f th e  T ype Ia SN  2002er in 
U G C  10743
G . P i g n a t a ,1,2 F . P a t a t , 1 S . B e n e t t i , 3 S . B l in n ik o v ,4,5 W . H i l le b r a n d t ,5 
R . K o t a k ,6 B . L e ib u n d g u t ,1 P . A . M a z z a l i ,7,5 P . M e ik le ,6 Y . Q iu ,8 
P . R u iz - L a p u e n t e ,5,9 S . S m a r t t ,10 E . S o r o k in a ,11 M . S t r i t z in g e r ,5 
M . S t e h le ,5,12 M . T u r a t t o ,3 T . M a r s h ,13 F . M a r t in - L u is ,14 N . M c B r id e ,15 
J . M e n d e z ,9 L . M o r a le s - R u e d a ,13,16 D . N a r b u t i s ,17 a n d  R . S t r e e t 18
1 European Southern  Observatory, K arl-Schw arzschild-Str. 2, D-85748 Garching bei M ünchen, Germ any.
2 D ipartim ento di A stronom ia, Università di Padova, Vicolo d e ll’O sservatorio 2, I-35122 Padova, Italy
3  Osservatorio A stronom ico di Padova,Vicolo de ll’O sservatorio 5, I-35122 Padova, Italy
4  IT E P , 117218 Moscow, Russia
5 M ax-P lanck-Institu t fü r  Astrophysik, K arl-Schw arzschild-Str. 1, D-85741 Garching bei M ünchen, G erm any
6 Blackett Laboratory, Im perial College London, Prince C onsort Road, London S W 7  2B W , UK
7 Osservatorio A stronom ico di Trieste, Via Tiepolo 11, I-34131 Trieste, Italy
8  N ational Astronomical, Observatories, Chinese A cadem y o f Sciences, 100012 B eijing, China
9 D epartm ent o f A stronom y, U niversity o f Barcelona, M arti i Franques 1, E -08028 Barcelona, Spain
1 0  In stitu te  o f A stronom y, U niversity o f Cambridge, M adingley Road, Cambridge CB3 0HA, UK
1 1  Sternberg Astronom ical Institu te , U niversitetski pr. 13, 119899 Moscow, Russia
1 2  U niversitäts-Sternw arte M ünchen, Scheinerstr. 1, D-81679 M unchen, G erm any
1 3  D epartm ent o f Physics and A stronom y, Southam pton University, Sou tham pton SO 17 1BJ, UK
1 4  In stitu to  de A strofisica  de Canarias, C /V ia  Làctea, s /n ,  38205 La Laguna, San ta  Cruz de Tenerife, Spain
1 5  P lanetary and Space Sciences Research In stitu te , The Open University, M ilton  K eynes, M K 7  6A A , UK
1 6  University o f N ijm egen, 6500 GL N ijm egen, N etherlands
1 7  In stitu te  o f Physics, Savanoriu pr. 231, LT-02300 Vilnius, L ithuania
1 8  D epartm ent o f Pure and Applied Physics, The Q ueen’s U niversity o f Belfast, Belfast B T 7  1NN, UK
A ccepted........; Received .........
A B ST R A C T
Extensive light and colour curves for the Type Ia supernova SN 2002er are presented as 
part of the European Supernova Collaboration. We have collected U B V R I  photometry 
from ten different telescopes covering the phases from 7 days before until 619 days 
after maximum light. Corrections for the different instrumental systems and the non­
thermal spectrum of the supernova (S-corrections) have been applied.
With the densely sampled light curves we can make detailed comparisons to other 
well-observed objects. SN 2002er most closely resembles SN 1996X after maximum, 
but clearly shows a different colour evolution before peak light and a stronger shoulder 
in V  and R  bands compared to other well-observed SNe Ia. In particular, the rise time 
appears to be longer than what is expected from rise-time vs.decline-rate relation.
We use several methods to determine the reddening towards SN 2002er based 
on the colour evolution at near peak and at late phases. The uvoir (bolometric) light 
curve shows great similarity with SN 1996X, but also indications of a higher luminosity, 
longer rise time and a more pronounced shoulder 25 days past maximum.
The interpretation of the light curves was done with two independent light curve 
codes. Both find that given the luminosity of SN 2002er the 56Ni mass exceeds 0.6 M0 
with prefered values near 0.7 M0 . Uncertainties in the exact distance to SN 2002er 
are the most serious limitation of this measurement. The light curve modelling also 
indicates a high level of mixing of the nickel in the explosion of SN 2002er.
Key words: supernovae: general - supernovae: individual: SN 2002er - techniques: 
photometry
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1 IN T R O D U C T IO N
E v e n  th o u g h  s ig n ifican t p ro g re ss  h a s  b e e n  m a d e  in  re ce n t 
y ea rs , m a n y  o f th e  p ro p e rt ie s  o f T y p e  I a  S u p e rn o v a e  (SN e) 
re m a in  la rg e ly  u n c e r ta in . T o  a d d re ss  th is  p ro b lem , sev e ra l 
E u ro p e a n  in s t i tu te s  w o rk in g  in  th is  field  h av e  jo in e d  to ­
g e th e r  to  fo rm  th e  E u ro p e a n  S u p e rn o v a  C o lla b o ra tio n  (h e re ­
a f te r  E S C , B e n e tt i  e t  al. 2004). O n e  o f th e  m a in  ta r g e ts  o f 
th is  p ro je c t  is th e  co llec tio n  o f a  la rg e  a n d  h o m o g en eo u s  
d a ta b a s e  o f  o p tic a l a n d  in fra re d  SN  Ia  lig h t cu rv es  a n d  sp e c ­
t r a  a t  low  re d sh if t  (vr <  6000 k m  s - 1 ). A  h o m o g en eo u s  a n d  
w e ll-p o p u la te d  d a ta b a s e  is n ece ssa ry  in  o rd e r  to  se a rc h  for 
s y s te m a tic  d ifferences, e v o lu tio n  a n d /o r  e n v iro n m e n ta l ef­
fec ts , a n d  fo r c o m p a riso n  w ith  m o d e l p re d ic tio n s . A ll th e se  
p o in ts  a re  c ru c ia l in  th e  u se  o f  SN e Ia  as co sm olog ical p ro b es .
SN  2002er ( R .A .=  17h 11m 29s .8 8 , D E C . =  
+ 7 ° 59/44 // .8 , J2 0 0 0 ) is one  o f th e  f irs t t a r g e ts  o f  th e  
E S C  p ro je c t.  I t  w as d isco v ered  o n  2002 A u g u s t 23.2 U T  in  
th e  sp ira l  g a la x y  U G C  10743 (F ig . 1 ) , 1 2 " .3  W est a n d  4 //.7 
N o r th  o f th e  g a la x y  n u c leu s , d u r in g  th e  L O T O S S -K A IT  SN  
sea rc h  (Li, S w ift & G a n e sh a lin g a m  2002). O n  th e  b a s is  o f a  
low  re so lu tio n  s p e c tru m  ta k e n  a t  L a  P a lm a  w ith  th e  Isaac  
N e w to n  T elesco p e  (IN T ) o n  A u g u s t 26.9 U T , th e  c a n d id a te  
w as c lassified  b y  som e o f th e  E S C  m em b e rs  as a  ty p e  Ia  
SN , a p p ro x im a te ly  10 d a y s  b e fo re  m a x im u m  b rig h tn e ss  
(S m a r t t  e t  al. 2002).
C o n sid e rin g  th e  e a r ly  e p o ch  o f th e  d isco v ery  a n d  th e  
p ro x im ity  o f th e  h o s t g a la x y  (vr =  2568 ±  7 k m  s - 1 , F a lco  
e t al. 1999), ta r g e t  o f  o p p o r tu n ity  o b se rv a tio n s  w ere  im m e ­
d ia te ly  tr ig g e re d  a t  all av a ilab le  te le sco p es. M a in ly  th a n k s  
to  th e  c o n tr ib u tio n  o f th e  C a la r  A lto  O b se rv a to ry , a lm o st 
d a ily  co v erag e  over th e  f irs t m o n th  co u ld  b e  se c u re d  for b o th  
p h o to m e try  a n d  sp ec tro sco p y .
In  th is  p a p e r  we p re se n t th e  p h o to m e tr ic  re su lts  fro m  7 
d ay s  b e fo re  to  o ver 619 d a y s  p a s t  m a x im u m  lig h t, in c lu d in g  
th e  a n a ly s is  o f  th e  b o lo m e tr ic  lig h t cu rv e . S p e c tro sco p ic  o b ­
se rv a tio n s  w ill b e  p re se n te d  in  a  s e p a ra te  p a p e r  (K o ta k  e t 
al., in  p re p a ra tio n ) .
2 OBSERVATIONS A N D  DATA R E D U C T IO N
T h e  o b se rv a tio n s  o f SN  2002er w ere  p e rfo rm e d  w ith  tw elve 
d iffe ren t facilities. T h e  m a in  p a ra m e te rs  o f eac h  in s t ru m e n t  
a re  su m m a riz e d  in  th e  n o te s  o f T ab le  1. B asic  d a ta  re d u c tio n  
(b ias  a n d  fla t-fie ld  c o rre c tio n )  w as p e rfo rm e d  u s in g  s ta n d a r d  
ro u tin e s  in  I R A F 1. S e lec ted  o b se rv a tio n s  o f s t a n d a r d  fields 
(L a n d o lt  1992) d u r in g  p h o to m e tr ic  n ig h ts  h av e  b e e n  u sed  
to  c o m p u te  th e  co lo u r te rm s  fo r e ach  in s t ru m e n t  a n d  to  ca l­
ib ra te  a  loca l s t a n d a r d  seq u en ce , w h ich  in  tu r n ,  w as u sed  
to  c a l ib ra te  fram es o b ta in e d  u n d e r  n o n -p h o to m e tr ic  c o n d i­
tio n s . T h e  s ta r s  o f  th e  loca l seq u en ce  a re  id en tif ie d  in  F ig . 1 
a n d  th e ir  m a g n itu d e s  a re  l is te d  in  T ab le  2 a lo n g  w ith  e s ti­
m a te d  ro o t  m e a n  sq u a re  (R M S ) e rro rs , w h ich  a re  ty p ic a lly  
o n  th e  o rd e r  o f 0 .03 m ag . S ince th e  SN  w as p ro je c te d  o n to  
a  reg io n  w ith  q u ite  a  c o m p lic a te d  b a c k g ro u n d , p h o to m e ­
t r y  w as p e rfo rm e d  u s in g  th e  P S F  f i t t in g  te c h n iq u e . U n cer-
1 IR A F is d istribu ted  by th e  N ational O ptical A stronom y O b­
servatories, which are  operated  by th e  A ssociation of Universities
for Research in Astronom y, Inc, under con tract to  th e  N ational
Science Foundation.
.  li
. 12
. 9
. 10
. S
•  *
« 4 * 5 B6.
• 3 • ■
N
1 ' ’
----------------------- E  <-----------
F ig u r e  1. Identification ch art for SN 2002er and th e  local se­
quence sta rs  (V -band exposure obtained on 2003, Septem ber 6  
w ith th e  2.2m +C A FO S).
ta in t ie s  for th e  m a g n itu d e  m e a su re m e n ts  w ere  e s t im a te d  by  
c o m b in in g  th e  fit e rro rs  in  q u a d r a tu r e  w ith  th o se  in tro d u c e d  
b y  th e  t ra n s fo rm a tio n  o f in s t ru m e n ta l  m a g n itu d e s  in to  th e  
U B V R I  Jo h n so n -C o u s in  s t a n d a r d  sy s te m  (B essell 1990).
3 PH O TO M ETR IC  SYSTEM S
C H A R A C TER ISA TIO N
I t  is w ell k n o w n  t h a t  d iffe ren t in s t ru m e n ta l  p h o to m e tr ic  
sy s te m s  n e v e r e x a c tly  m a tc h . I t  is also  k n o w n  t h a t  th e  
co lo u r e q u a tio n s  u se d  to  tra n s p o s e  th e  in s t ru m e n ta l  m a g ­
n itu d e  in to  a  s t a n d a r d  sy s te m  loose th e ir  a c c u ra c y  for 
o b je c ts  c h a ra c te ris e d  b y  a  n o n -s te lla r  sp e c tru m . S ince  th e  
p h o to m e try  o f SN  2002er w as o b ta in e d  u s in g  a lm o s t a ll th e  
in s tru m e n ts  av a ilab le  to  th e  E S C  a n d  th e s e  fac ilitie s  w ill b e  
u se d  to  m o n ito r  o th e r  ta r g e ts  in  th e  fu tu re ,  we h av e  d e c id ed  
to  p e rfo rm  a  d e ta ile d  c h a ra c te r is a t io n  o f th e  p h o to m e tr ic  
p ro p e r t ie s  o f eac h  in s tru m e n t.  T h is  in  fa c t a llow s u s to  
c o rre c t th e  sy s te m a tic  p h o to m e tr ic  e rro rs  in tro d u c e d  b y  th e  
c o m b in a tio n  o f th e  c a v e a ts  ju s t  m e n tio n e d  b e fo re , u s in g  th e  
S -c o rrec tio n  m e th o d  p re se n te d  by  S tr i tz in g e r  e t  al. (2002) 
a n d  K risc iu n as  e t  al. (2003). In  o rd e r  to  c o m p u te  th e  
c o rre c tio n s , one  n e ed s  f irs t to  d e te rm in e  th e  in s t ru m e n ta l  
p a s sb a n d  S(A ):
S(A ) =  F (A ) • Q E ( A) • A(A ) • M (A ) • L ( A)
w h ere  F (A ) is th e  f ilte r  t ra n s m is s io n  fu n c tio n , Q E ( A) 
is th e  d e te c to r  q u a n tu m  efficiency, A (A ) is th e  c o n tin ­
u u m  a tm o sp h e ric  tra n s m iss io n  p ro file , M (A) is th e  m ir ­
ro r  re fle c tiv ity  fu n c tio n  a n d  L(A ) is th e  len s th ro u g h ­
p u t .  W e d e te rm in e d  S(A ) for a ll th e  fac ilitie s  fo r w h ich  
we co u ld  o b ta in  th e  p re v io u s ly  m e n tio n e d  in fo rm a tio n .
i.e. C A F O S + L o ra l , C A F O S + S IT e , J K T , A F O S C , D F O S C ,
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T a b le  1. O riginal photom etric  observations of SN 2002er.
date M .J.D . Phasea
(days)
U B V R I Instr. Seeing
(arcsec)
23 /08 /02 52509.2 -1 5 .0 - - - 17.51b - K A IT -
24/08 /02 52510.2 -1 4 .0 - - - 16.9 b - K A IT -
30/08 /02 52516.8 - 7 .3 - 15.48 ±  0.04 15.26 ±  0.04 15.00 ± 0.04 14.95 ± 0.04 A F 1 . 8
30/08 /02 52516.8 - 7 .3 - - - 14.96 ± 0.04 14.94 ± 0.04 W M 1.5
30/08 /02 52516.9 - 7 .2 15.15 ±  0.09 15.48 ±  0.04 15.25 ±  0.03 14.96 ± 0.04 14.91 ± 0.04 CS 1 . 6
31/08 /02 52517.9 - 6 . 2 15.02 ±  0.10 15.30 ±  0.04 15.11 ±  0.03 14.82 ± 0.03 14.76 ± 0.04 CS 1.7
31/08 /02 52518.0 - 6 . 1 - 15.36 ±  0.05 15.08 ±  0.04 14.80 ± 0.04 14.74 ± 0.05 JJ 2.7
0 1 /09 /02 52518.9 - 5 .2 14.98 ±  0.05 15.15 ±  0.04 14.96 ±  0.03 14.66 ± 0.03 14.63 ± 0.04 CS 1.9
0 2 /09 /02 52519.9 - 4 .2 14.83 ±  0.03 15.10 ±  0.03 14.85 ±  0.03 14.58 ± 0.04 - CL 1.7
0 3 /09 /02 52520.9 - 3 .2 14.82 ±  0.03 14.99 ±  0.03 14.83 ±  0.03 14.56 ± 0.03 14.51 ± 0.03 CL 3.5
0 4 /09 /02 52521.9 - 2 .3 14.73 ±  0.03 14.92 ±  0.03 14.75 ±  0.03 14.49 ± 0.03 14.48 ± 0.03 CL 2 . 1
0 5 /09 /02 52522.8 - 1 .4 - - - 14.45 ± 0.03 14.48 ± 0.03 W M 1 . 8
0 5 /09 /02 52522.9 - 1 .3 14.74 ±  0.04 14.90 ±  0.03 14.70 ±  0.03 14.47 ± 0.03 14.45 ± 0.03 CL 2.5
0 6 /09 /02 52523.8 - 0 .4 - - - 14.46 ± 0.03 - W M 2 . 6
0 6 /09 /02 52523.9 - 0 .3 14.72 ±  0.03 14.87 ±  0.03 14.65 ±  0.03 14.45 ± 0.03 14.47 ± 0.03 CL 1.3
0 7 /09 /02 52524.9 0 . 8 14.74 ±  0.03 14.91 ±  0.03 14.63 ±  0.03 14.43 ± 0.03 14.46 ± 0.03 CL 3.3
0 8 /09 /02 52525.9 1 .8 14.79 ±  0.03 14.91 ±  0.03 14.64 ±  0.03 14.44 ± 0.03 14.50 ± 0.03 CL 3.1
10/09/02 52527.9 3.7 14.86 ±  0.08 14.99 ±  0.04 14.62 ±  0.04 14.46 ± 0.04 14.59 ± 0.04 CS 1 . 6
12/09/02 52530.0 5.8 15.09 ±  0.07 - 14.68 ±  0.04 14.55 ± 0.03 14.66 ± 0.05 CS 2 . 2
13/09/02 52530.9 6.7 15.29 ±  0.04 15.21 ±  0.03 14.69 ±  0.03 14.62 ± 0.04 14.82 ± 0.04 JJ 1 . 2
14/09/02 52531.5 7.4 - - 14.72 ±  0.03 14.68 ± 0.04 14.88 ± 0.04 BA 2.9
14/09/02 52531.9 7.8 15.40 ±  0.07 15.36 ±  0.03 14.78 ±  0.03 14.72 ± 0.04 14.92 ± 0.04 JJ 1.7
16/09/02 52533.5 9.3 - 15.54 ±  0.07 14.85 ±  0.03 14.80 ± 0.04 14.99 ± 0.03 BA 2.4
16/09/02 52533.9 9.8 - 15.56 ±  0.04 14.91 ±  0.04 14.92 ± 0.04 15.08 ± 0.04 JJ 1 . 8
18/09/02 52535.0 10.9 16.00 ±  0 . 1 0 15.64 ±  0.03 14.98 ±  0.03 14.94 ± 0.04 15.22 ± 0.04 D F 1.5
20/09 /02 52537.9 13.7 - 15.98 ±  0.04 - - - J J 2.4
21 /09 /02 52538.5 14.3 - 16.12 ±  0.04 15.15 ±  0.03 15.11 ± 0.04 15.10 ± 0.03 BA 2.3
21/09 /02 52538.8 14.7 - - - - 15.11 ± 0.04 JJ 1.7
22 /09 /02 52539.9 15.7 - 16.27 ±  0.04 - - 15.12 ± 0.04 JJ 1 . 0
22/09 /02 52540.0 15.8 16.76 ±  0.05 16.28 ±  0.03 15.29 ±  0.03 15.13 ± 0.03 15.21 ± 0.03 D F 2 . 0
23/09 /02 52540.9 16.7 - 16.39 ±  0.04 - - 15.07 ± 0.04 JJ 0.9
24 /09 /02 52542.0 17.8 16.97 ±  0.08 16.51 ±  0.04 15.42 ±  0.04 - - D F 1 . 0
26/09 /02 52544.0 19.9 17.24 ±  0.08 16.74 ±  0.03 15.53 ±  0.03 15.17 ± 0.04 15.12 ± 0.04 D F 1 .1
27/09 /02 52544.9 20.7 - - 15.55 ±  0.03 - - J J 1 .1
28/09 /02 52545.9 21.7 - - 15.60 ±  0.03 - - J J 1 . 2
29/09 /02 52546.5 22.3 - 17.04 ±  0.05 15.58 ±  0.03 15.21 ± 0.04 14.95 ± 0.03 BA 2 . 0
29/09 /02 52546.8 2 2 . 6 - - - 15.27 ± 0.04 15.01 ± 0.04 W M 1.5
29/09 /02 52546.9 22.7 - - 15.64 ±  0.03 - - J J 0.9
30 /09 /02 52547.8 23.6 - - - 15.26 ± 0.03 14.98 ± 0.04 W M 1 . 6
30/09 /02 52547.8 23.6 - 17.10 ±  0.03 15.71 ±  0.03 15.26 ± 0.04 14.98 ± 0.03 A F 1.7
0 1 / 1 0 / 0 2 52548.9 24.7 - - 15.72 ±  0.03 15.32 ± 0.03 14.93 ± 0.03 JJ 1 . 8
04/10 /02 52551.5 27.3 - 17.45 ±  0.07 15.89 ±  0.04 15.40 ± 0.04 14.95 ± 0.04 BA 2 . 8
05/10 /02 52552.5 28.3 - 17.59 ±  0.06 15.99 ±  0.04 15.46 ± 0.04 15.04 ± 0.04 BA 3.2
07/10 /02 52554.8 30.7 - 17.64 ±  0.03 16.19 ±  0.04 15.70 ± 0.05 15.17 ± 0.05 MO 0.9
08/10 /02 52555.8 31.6 - - - 15.77 ± 0.04 15.29 ± 0.04 W M 2.7
08/10 /02 52555.8 31.6 17.85 ±  0.03 17.71 ±  0.04 16.27 ±  0.04 15.75 ± 0.03 15.25 ± 0.03 TD 1 . 2
09/10 /02 52556.8 32.6 - - - 15.82 ± 0.04 15.43 ± 0.05 W M 3.0
13/10/02 52560.4 36.2 - - 16.51 ±  0.04 16.04 ± 0.04 15.71 ± 0.04 SS 2.7
14/10/02 52561.4 37.2 - 17.93 ±  0.05 16.58 ±  0.04 - - SS 2 . 0
16/10/02 52563.8 39.6 - - - 16.23 ± 0.04 15.89 ± 0.06 W M 2.4
26/10 /02 52573.4 49.3 - 18.20 ±  0.15 16.95 ±  0.05 16.66 ± 0.08 16.29 ± 0.14 BA 3.7
27/10 /02 52574.4 50.3 - - 17.01 ±  0.06 - 16.35 ± 0.08 BA 4.0
04/03 /03 52703.4 179.2 - 19.94 ±  0.03 19.90 ±  0.05 2 0 . 1 0  ± 0.09 19.78 ± 0.16 W F 1.5
28/03 /03 52726.3 2 0 2 . 2 - 20.28 ±  0.05 20.17 ±  0.04 20.55 ± 0.05 2 0 . 2 0  ± 0.07 W F 1 .1
09/04 /03 52739.3 215.2 - 20.48 ±  0.06 20.37 ±  0.05 - - W F 1 .6
10/04/03 52740.3 216.2 - - - 20.85 ± 0.07 20.38 ± 0.06 W F 0 . 8
29/07 /03 52848.9 324.7 - 21.84 ±  0.06 - - - MO 1 .1
18/05/04 53143.3 619.1 - >  23.1 >  23.7 - - V F 0.9
(a ) Relative to  B  m axim um  (M JD =  52524.2)
(b) U nfiltered m agnitude reasonably well approxim ated  to  R  band m agnitude (Li, private  com m unication)
CS =  C alar A lto 2.2m +  CA FO S +  CCD SITe 0 .5 3 /p ix ; D F =  D anish 1.54m +  DFOSC 0 .3 9 /p ix ; BA =  BAO 0.85m +  CCD 0 .4 5 /p ix  
CL =  C alar A lto 2.2m +  CAFOS +  CCD Loral 0 .3 3 /p ix ; W F  =  ESO 2.2m +  W FI 0 .2 4 /p ix ; V F  =  ESO VLT +  FORS1 0 .2 0 /p ix  
J J  =  JK T  1.0m +  JA G 0 .3 3 /p ix ; W M  =  W endelstein 0.8m +  M O NICA 0 .5 0 /p ix ; A F  =  Asiago 1.82m +  A FO SC 0 .3 4 /p ix
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T a b le  2. M agnitudes for th e  local sequence sta rs  in th e  field of SN 2002er (Fig. 1). 
T he d a ta  were obtained on 10 photom etric  nights w ith CAFOS, DFOSC and W FI.
id U B V R I
0 1 17.97 ± 0.03 17.14 ± 0.03 16.06 ± 0.03 15.45 ± 0.03 14.90 ± 0 . 0 2
0 2 - 18.12 ± 0.04 17.10 ± 0.03 16.47 ± 0 . 0 2 15.92 ± 0 . 0 2
03 15.93 ± 0 . 0 2 15.55 ± 0 . 0 1 14.70 ± 0 . 0 2 14.20 ± 0.03 13.75 ± 0.03
04 17.03 ± 0 . 0 2 16.75 ± 0 . 0 2 15.92 ± 0.03 15.44 ± 0.03 14.99 ± 0 . 0 2
05 17.12 ± 0.03 16.58 ± 0 . 0 2 15.55 ± 0 . 0 1 14.98 ± 0.03 14.42 ± 0.03
06 18.01 ± 0 . 0 2 16.84 ± 0 . 0 2 15.30 ± 0 . 0 2 14.23 ± 0.05 13.03 ± 0.04
07 - 19.05 ± 0 . 0 2 18.32 ± 0.04 17.85 ± 0.03 17.42 ± 0.04
08 - 19.31 ± 0.04 18.44 ± 0.04 17.94 ± 0.03 17.48 ± 0.05
09 - 18.38 ± 0.03 17.31 ± 0.04 16.68 ± 0.03 16.13 ± 0.05
1 0 18.54 ± 0.06 18.24 ± 0.04 17.39 ± 0.04 16.90 ± 0.04 16.48 ± 0 . 0 2
1 1 18.64 ± 0.05 18.62 ± 0 . 0 2 17.92 ± 0.05 17.47 ± 0.04 17.01 ± 0.07
1 2 - 17.87 ± 0.03 16.66 ± 0.03 15.91 ± 0 . 0 2 15.29 ± 0.04
T a b le  3. C om parison betw een synthetic  and photom etric  colour term s.
Facilities B  B -  V V  B  -  V R  R  -  I I  R -  I
sy ph sy ph sy ph sy ph
C A FO S+L oral 0.129 0.108 -0 .0 7 3 -0 .0 6 9 - 0 . 0 1 1 -0 .0 6 2 0.209 0.236
C A F O S +S ite 0 . 1 2 2 0 . 1 2 0 -0 .0 6 7 -0 .0 5 2 0.015 - 0 . 0 2 1 0.231 0.209
D O LO RES 0.064 0.077 -0 .1 1 5 -0 .1 0 8 0.041 0.026 0 . 0 2 0 0.013
DFOSC 0.063 0.089 0.008 0 . 0 1 0 0.016 0.013 -0 .0 4 0 -0 .0 4 4
JK T 0.043 0.055 0.032 0.038 0.014 -0 .0 0 9 0.060 0.047
AFOSC -0 .0 1 5 -0 .0 4 0 0.054 0.060 0.074 0.060 -0 .0 4 2 -0 .0 4 0
M OSCA 0 . 2 1 2 0.219 0.034 0.030 -0 .0 0 7 -0 .0 1 8 0.164 0.140
SSO 0.030 0 . 0 2 2 0.008 0.015 0.031 0.015 -0 .0 3 0 -0 .0 3 5
W FI 0.226 0.242 -0 .0 7 0 -0 .0 6 8 0.024 0 . 0 1 0 0.018 0.038
M O S C A , D O L O R E S , 2 .3m  SS O  a n d  W F I. F (A ) a n d  Q E (A ) 
w ere  u su a lly  d o w n lo a d ed  fro m  th e  in s t ru m e n t  w eb  sites . W e 
o b ta in  A(A ) fo r C a la r  A lto  a n d  L a  P a lm a  in  H o p p  e t al.
(2002 ) a n d  K in g  (1985) re sp ec tiv e ly , w h ile  fo r L a  S illa  we 
h av e  u se d  th e  C T IO  tra n s m is s io n  cu rv e  in  th e  IR A F  re d u c ­
t io n  p ackage. F in a lly , fo r A siag o  a n d  S id in g  S p rin g  O b se r­
v a to ry  we o b ta in e d  A (A ) by  m o d ify in g  th e  s t a n d a r d  a tm o ­
sp h e ric  m o d e l p ro p o se d  by  W alk er (1987) in  o rd e r  to  m a tc h  
th e  av erag e  b ro a d  b a n d  a b so rp tio n  coeffic ien ts o f th o se  sites . 
F o r  M (A ) we h av e  u se d  a  s t a n d a r d  a lu m in iu m  re fle c tiv ity  
cu rv e . F o r th e  lenses sev e ra l m a te r ia ls  a re  g e n e ra lly  u sed , 
b u t  th e  c o rre sp o n d in g  L ( A) a re  re la tiv e ly  f la t a cro ss  th e  o p ­
t ic a l  ran g e . S ince  i t  is v e ry  d ifficu lt, a n d  o f te n  n o t  p o ss ib le  
t o  g e t th is  in fo rm a tio n  fo r a ll th e  in s t ru m e n ts  u sed , we hav e  
d e c id ed  to  a ssu m e  th a t  L(A) is c o n s ta n t  acro ss  th e  w hole  
s p e c tra l  ran g e . T h is  m ig h t cau se  som e p ro b le m s a t  w ave­
le n g th s  b lu e r  th a n  3400 A , i.e. a ffec tin g  th e  U  p a ssb a n d . 
H ow ever we h av e  d e c id ed  n o t  to  d e te rm in e  S(A ) for th e  U 
filte r, s ince  v e ry  few  SN  s p e c tr a  cover th is  w a v e le n g th  ra n g e , 
m ak in g  i t  v e ry  d ifficu lt to  c o m p u te  th e  re la tiv e  S -co rrec tio n .
O n ce  th e  re sp o n se  fu n c tio n s  a re  c o n s tru c te d ,  o n e  n eed s 
t o  c a lc u la te  a n  in s t ru m e n ta l  zero  p o in t  for eac h  p a ssb a n d . 
F o r  th is  p u rp o se  we h av e  u se d  a  su b s e t o f s p e c tro p h o to m e t-  
ric  s t a n d a r d  s ta r s  (H a m u y  199 2 , 1994), fo r w h ich  p h o to e le c ­
tr ic  p h o to m e try  is a lso  av a ilab le  (C o u sin s 197 1 , 19 8 0 , 1984). 
In  o rd e r  to  check  ho w  well th e  m o d e lled  p a s sb a n d s  m a tc h  th e  
re a l ones we d e r iv e d  sy n th e tic  co lo u r te rm s  u s in g  th e  fu ll se t 
o f  H a m u y  sp e c tro p h o to m e tr ic  s ta n d a rd s .  A s th e  re a d e r  c an  
see in  T ab le  3, th e  m a tc h  w ith  th e  co lo u r te rm s  c o m p u te d
u sin g  th e  c lass ica l p h o to m e tr ic  m e th o d  is q u ite  g o o d  fo r all 
in s tru m e n ts ,  e sp ec ia lly  in  th e  V  b a n d . O f co u rse , th is  is n o t 
a  d e fin itiv e  p ro o f  t h a t  th e  re c o n s tru c te d  p a s sb a n d s  p e rfe c tly  
re sem b le  th e  re a l ones, s ince  th e  s te lla r  sp e c tra ,  w h ich  a re  
d o m in a te d  b y  a  s m o o th  c o n tin u u m , a re  n o t  th e  b e s t  to o l 
to  h ig h lig h t d ifferen ces b e tw e e n  p h o to m e tr ic  sy s te m s. H ow ­
ever, th e  t ig h t  c o rre sp o n d e n c e  sh o w n  by  th is  te s t  m ak es us 
c o n fid e n t t h a t  th e  re p ro d u c tio n  is re a so n a b ly  a c c u ra te .
W ith  th is  in fo rm a tio n  we c a n  ch eck  th e  a cc u rac y  o f o u r 
p h o to m e try  a n d  use  th e  S -c o rre c tio n  te c h n iq u e  in  o rd e r  to  
rem o v e  p o ss ib le  sy s te m a tic  e rro rs . W ith  th e  a im  o f c o m p u t­
in g  a  re liab le  c o rre c tio n  fo r th e  w hole  p h a se  ra n g e  co vered  
b y  th e  p h o to m e try , w e d e c id ed  to  u se  n o t  o n ly  th e  b e s t  flux  
c a l ib ra te d  s p e c tr a  o f  SN  2002er, b u t  also  a  se t o f s p e c tra  
fro m  SN  1992A  (E S O -K ey  P ro je c t ,  u n p u b lis h e d ) , SN  1994D 
( P a t a t  e t  al. 1996) a n d  SN  1996X  (Salvo  e t al. 2001), p ro p ­
e rly  re d d e n e d  in  o rd e r  to  m a tc h  th e  c o n tin u u m  o f SN  2002er. 
T h e  s p e c tr a  w ere  also  sh if te d  to  th e  SN  2002er re s t  fram e. 
T h ese  SN e h av e  v e ry  s im ila r  s p e c tr a  a t  ev ery  p h a se  a n d  as 
th e  re a d e r  c a n  see in  F ig . 2 , th is  m ak es th e  S -c o rrec tio n  
re a so n a b ly  s im ila r. M o reover, th e  s p e c tr a  o f  d iffe ren t SN e 
a re  u n ifo rm ly  d is t r ib u te d  a lo n g  th e  lig h t cu rv e , p re v e n tin g  
p o ss ib le  sy s te m a tic  e rro rs . T h e  s im ila r ity  b e tw e e n  th e  u se d  
s p e c tr a  is a  c ru c ia l p o in t.  T o p ro v e  i t ,  in  F ig . 2 we h av e  also  
p lo t te d  th e  c o rre c tio n s  c o m p u te d  fo r a n o th e r  E S C  ta rg e t ,  
SN  2002bo  (B e n e tt i  e t  al. 2004), t h a t  is a  SN  c h a ra c te ris e d  
b y  d iffe ren t fe a tu re s  a n d  re d d en in g . A s th e  re a d e r  c a n  easily  
n o te , e sp ec ia lly  in  th e  B  b a n d , th e  c o rre c tio n s  a re  sign ifi­
c a n tly  d iffe ren t fro m  th o se  o f th e  o th e r  SN e. T o  d e sc rib e  th e
days since B m axim um
F ig u r e  2. Evolution of th e  S-correction in th e  B , V , R , and  I  
bands for 2 .2m +C A FO S which was th e  m ost used facility during  
th e  observational cam paign. T he solid line represents th e  fitted  
polynom ial, while th e  different sym bols refer to  SN 1992A (filled 
squares), SN 1994D (filled circles), SN 1996X (filled triangles), 
SN 2002er (filled pentagons) and SN 2002bo (open circles).
b e h a v io u r  o f  th e  S -c o rrec tio n  as a  fu n c tio n  o f tim e , fo r each  
in s t ru m e n t  we h av e  f i t te d  a  th i r d  o r fo u r th  o rd e r  p o ly n o ­
m ia l to  th e  d a ta  p o in ts . T h e  R M S  d e v ia t io n  o f th e  o b se rv ed  
p o in ts  fro m  th e  f i t te d  law  g ives u s a n  e s t im a te  o f  th e  e r ­
ro r  a sso c ia ted  w ith  th e  c o rre c tio n  itse lf. T h is  in c lu d es  b o th  
th e  u n c e r ta in t ie s  re la tiv e  to  th e  flu x  c a l ib ra t io n  o f th e  in p u t  
s p e c tr a  a n d  th e  no ise  g e n e ra te d  b y  u s in g  d a ta  fro m  d iffe r­
e n t SN e. F o r th e  I  b a n d , w h e re  th e  p h a se  coverage  is q u ite  
scan ty , th e  c o rre c tio n  w as o b ta in e d  b y  lin e a r  in te rp o la t io n . 
F o r th is  filte r  th e  u n c e r ta in t ie s  a re  la rg e r t h a n  in  B ,V  a n d  
R . T h is  is d u e  b o th  to  th e  sp a rse  sa m p lin g  a n d  to  th e  fac t 
t h a t  th e  se n s it iv ity  o f m o s t s p e c tro g ra p h s  falls to w a rd  th e  
red  ed g e  o f th e  I  b a n d , m ak in g  th e  flu x  c a lib ra tio n , a n d  in  
tu r n ,  th e  S -c o rrec tio n  less re liab le .
A  fu r th e r  w ay  to  ch eck  th e  e ffec tiveness o f th e  S- 
c o rre c tio n  is th e  c o m p a riso n  b e tw e e n  th e  d a ta  s p re a d  b e fo re  
a n d  a f te r  i ts  a p p lic a tio n . T h e  R M S  d e v ia t io n  fro m  a  f i tte d  
p o ly n o m ia l in  B  a n d  V  is re d u c e d  b y  a  0.001 a n d  0.002 m a g ­
n itu d e s  re sp ec tiv e ly , w h ile  fo r th e  R  f ilte r  i t  d o e s  n o t  ch ange . 
T h is  neg lig ib le  im p ro v e m en t s im p ly  m e a n s  t h a t  th e  o rig in a l 
p h o to m e try  w as s u b s ta n tia l ly  a c c u ra te . T h e  c o rre c tio n  in  
th o se  b a n d s  is in  fa c t q u ite  sm a ll (see T ab le  4 ) , a n d  th e  
o b se rv ed  s c a t te r  is d o m in a te d  by  th e  ra n d o m  p h o to m e tr ic  
e rro r. N e v e rth e le ss , o u r  m a in  g oal w as to  ch eck  a n d  e v e n tu ­
ally  rem o v e  sy s te m a tic  effec ts in tro d u c e d  by  th e  in s t ru m e n ­
ta l  p h o to m e tr ic  sy s te m . F o r ex am p le , th e  p e a k  b r ig h tn e ss  
o f SN  2002er w as covered  m a in ly  w ith  C A F O S  a n d  d u r in g  
th is  p h a se  ra n g e  th e  S -c o rre c tio n  fo r C A F O S  B  a n d  V  b a n d s  
w as + 0 .0 1  a n d  - 0 .0 2 5  resp ec tiv e ly . T h is  m ak e s  th e  SN  0.035 
m ag  b lu e r  t h a n  i t  re a lly  is, a n d  th is  h a s  som e im p a c t, for 
in s ta n c e , o n  th e  re d d e n in g  e s tim a te .
G en era lly , th e  I  p a s sb a n d  d e p a r ts  fro m  th e  s ta n d a r d
Radial Velocity (km  s_1)
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F ig u r e  3. Resolved NaI D1 and D2 lines relative to  M ilky Way 
and UGC 10743 present in th e  m edium -resolution spectrum  of 
SN 2002er obtained on 2003, Septem ber 2 w ith th e  2.5m Isaac 
Newton Telescope.
o n e  m o re  t h a n  in  all o th e r  filte rs , a n d  in  tu r n ,  th e  c o rre c tio n s  
a re  la rg e r. In  th is  case, th e  sy s te m a tic  e rro rs  in tro d u c e d  by  
th e  n a tu r a l  p h o to m e tr ic  sy s te m  m is m a tc h  a re  c o m p a ra b le  
to ,  o r  la rg e r th a n ,  ra n d o m  e rro rs . T h e re fo re , a f te r  th e  co r­
re c tio n , th e  R M S  falls to  a  m o re  m e a n in g fu l v a lu e  (0.017 
m a g ) . W e n o te  t h a t  th is  m is m a tc h  b e tw e e n  th e  n a tu r a l  sy s­
te m s  co u ld  b e  o n e  o f th e  re a so n s  w h y  th e  I  lig h t c u rv es  o f 
ty p e  I a  SN e u su a lly  sh o w  d ifferen ces w h ich  a re  m o re  p ro ­
n o u n c ed  th a n  in  an y  o th e r  filte r  (see fo r e x am p le  S u n tze ff 
1996).
F o r th e  0 .85m  B eijin g  a n d  0 .80m  W e n d e ls te in  te le sco p e s  it 
w as n o t  p o ss ib le  to  fin d  th e  b asic  in fo rm a tio n  n e ed e d  to  
c o m p u te  th e  g lo b a l re sp o n se . S ince  th e  o r ig in a l p h o to m e try  
o b ta in e d  a t  th e s e  tw o  o b se rv a to r ie s  w as n o t  to o  d iffe ren t 
fro m  t h a t  o f  th e  o th e rs , we h av e  co n se rv a tiv e ly  a p p lie d  th e  
c losest in  t im e  c o rre c tio n  d e riv e d  for th e  o b se rv a tio n s  c a r ­
r ied  o u t  w ith  k n o w n  p a ssb a n d s . T h e  m a g n itu d e s  re p o r te d  in  
T ab le  1 a re  th e  o r ig in a l m e a su re m e n ts  b u t  a ll th e  re le v an t 
p a ra m e te rs  like E ( B  — V ), A m  15 a n d  so on , w ere c o m p u te d  
u s in g  th e  c o rre c te d  d a ta .
4 IN TER STELLA R  E X T IN C T IO N
T h e  p re sen c e  o f in te r s te lla r  e x tin c tio n  to w a rd  SN  2002er is 
n o t  u n e x p e c te d , s ince  i t  a p p e a rs  p ro je c te d  o n to  th e  d isk  o f 
U G C  10743 (see F ig . 1). M o reover, i ts  re la tiv e ly  low  g a la c tic  
la t i tu d e  (b = + 2 6 ° )  su g g ests  th e  p re sen c e  o f a b so rb in g  m a te ­
ria l  in  o u r  G a la x y  to o . In d e e d , in  th e  m e d iu m - r e s o lu t io n  
s p e c tru m  o f SN  2002er re p o r te d  in  F ig . 3 , th e  N a I D  a b ­
so rp tio n  lines a re  e v id e n t for b o th  th e  M ilk y  W ay  a n d  th e  
h o s t galaxy.
In  o rd e r  to  e s t im a te  th e  in tr in s ic  lu m in o s ity  o f th e  
SN  it  is c ru c ia l to  c o rre c t for e x tin c tio n . In  a d d it io n  to  
th e  “c lass ica l” m e th o d s  re p o r te d  in  P h illip s  e t  al. (1999) 
a n d  m o re  re c e n tly  p ro p o se d  by  W an g  e t al. (2003) a n d  
A lta v illa  e t  al. (2004), we h av e  a lso  e s t im a te d  th e  co lo u r 
excess o f SN 2002er b y  c o m p a rin g  i ts  co lo u r e v o lu tio n  w ith  
t h a t  o f SN  1996X . T h e se  tw o  ev en ts , in  fa c t, w ere  v e ry  s im ­
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T a b le  4. S-corrections to  be added to  th e  d a ta  in Table 1 to  bring  them  in th e  
photom etric  s tan d ard  system  Bessell (1990). T he m eaning of th e  acronym s in th e  
last colum n is explained in th e  notes of Table 1.
M JD Ph ase“
(days)
B V R I Facilities
52516.8 - 7 .3 - 0 . 0 1 0  ±  0.006 0.004 ±  0.005 -0 .0 0 3  ±  0.002 0.036 ±  0.012 AF
52516.8 - 7 .3 - - 0.005 0.016 W M
52516.9 - 7 .2 -0 .0 1 2  ±  0.007 -0 .0 2 1  ±  0.005 0.004 ±  0.002 0.016 ±  0.014 CS
52517.9 - 6 . 2 -0 .0 1 2  ±  0.007 -0 .0 2 3  ±  0.005 0.004 ±  0.002 0.019 ±  0.014 CS
52518.0 - 6 . 1 - 0 . 0 2 0  ±  0.006 0.005 ±  0.006 0 . 0 0 2  ±  0 . 0 0 1 0.042 ±  0.012 JJ
52518.9 - 5 .2 -0 .0 1 1  ±  0.007 -0 .0 2 4  ±  0.005 0.003 ±  0.002 0.021 ±  0.014 CS
52519.9 - 4 .2 -0 .0 0 9  ±  0.007 -0 .0 2 5  ±  0.005 0.003 ±  0.002 - CL
52520.9 .23.- -0 .0 0 7  ±  0.007 -0 .0 2 5  ±  0.005 0.003 ±  0.002 0.026 ±  0.014 CL
52521.9 - 2 .3 -0 .0 0 4  ±  0.007 -0 .0 2 6  ±  0.005 0 . 0 0 2  ±  0 . 0 0 2 0.028 ±  0.014 CL
52522.8 - 1 .4 - - 0 . 0 0 2 0.030 W M
52522.9 - 1 .3 -0 .0 0 0  ±  0.007 -0 .0 2 6  ±  0.005 0 . 0 0 2  ±  0 . 0 0 2 0.030 ±  0.014 CL
52523.8 - 0 .4 - - 0 . 0 0 2 - W M
52523.9 - 0 .3 0.004 ±  0.007 -0 .0 2 6  ±  0.005 0 . 0 0 2  ±  0 . 0 0 2 0.032 ±  0.014 CL
52524.9 0 . 8 0.008 ±  0.007 -0 .0 2 5  ±  0.005 0 . 0 0 2  ±  0 . 0 0 2 0.035 ±  0.014 CL
52525.9 1 . 8 0.012 ±  0.007 -0 .0 2 4  ±  0.005 0 . 0 0 2  ±  0 . 0 0 2 0.037 ±  0.014 CL
52527.9 3.7 0.019 ±  0.007 -0 .0 2 3  ±  0.005 0 . 0 0 2  ±  0 . 0 0 2 0.041 ±  0.014 CS
52530.0 5.8 - -0 .0 2 0  ±  0.005 0 . 0 0 2  ±  0 . 0 0 2 0.046 ±  0.014 CS
52530.9 6.7 -0 .0 0 5  ±  0.006 -0 .0 0 5  ±  0.006 - 0 . 0 0 1  ±  0 . 0 0 1 0.034 ±  0.012 JJ
52531.5 7.4 - -0 .0 0 6 - 0 . 0 0 1 0.040 BA
52531.9 7.8 -0 .0 0 4  ±  0.006 -0 .0 0 6  ±  0.006 - 0 . 0 0 1  ±  0 . 0 0 1 0.041 ±  0.012 JJ
52533.5 9.3 - 0 . 0 0 2 -0 .0 0 8 - 0 . 0 0 1 0.042 BA
52533.9 9.8 - 0 . 0 0 2  ±  0.006 -0 .0 0 9  ±  0.006 - 0 . 0 0 1  ±  0 . 0 0 1 0.042 ±  0.012 JJ
52535.0 10.9 0.001 ±  0.005 -0 .0 2 9  ±  0.004 0 . 0 0 0  ±  0 . 0 0 2 -0 .0 6 4  ±  0.010 D F
52537.9 13.7 0 . 0 0 1  ±  0.006 - - - J J
52538.5 14.3 0 . 0 0 1 -0 .0 1 3 0 . 0 0 0 0.048 BA
52538.8 14.7 - - - 0.048 ±  0.012 JJ
52539.9 15.7 0 . 0 0 1  ±  0.006 - - 0.049 ±  0.012 JJ
52540.0 15.8 0.004 ±  0.005 -0 .0 2 8  ±  0.004 0 . 0 0 0  ±  0 . 0 0 2 -0 .0 5 0  ±  0.010 D F
52540.9 16.7 0 . 0 0 2  ±  0.006 - - 0.051 ±  0.012 JJ
52542.0 17.8 0.004 ±  0.005 -0 .0 2 5  ±  0.004 - - D F
52544.0 19.9 0.004 ±  0.005 -0 .0 2 2  ±  0.004 0 . 0 0 0  ±  0 . 0 0 2 -0 .0 3 9  ±  0.010 D F
52544.9 20.7 - -0 .0 1 4  ±  0.006 - - J J
52545.9 21.7 - -0 .0 1 4  ±  0.006 - - J J
52546.5 22.3 -0 .0 1 8 -0 .0 3 8 -0 .0 0 8 0.024 BA
52546.8 2 2 . 6 - - 0 . 0 0 2 0.024 W M
52546.9 22.7 - -0 .0 1 3  ±  0.006 - - J J
52547.8 23.6 - - 0 . 0 0 2 0.042 W M
52547.8 23.6 - 0 . 0 2 0  ±  0.006 -0 .0 3 7  ±  0.005 -0 .0 0 9  ±  0.002 0 . 0 2 0  ±  0 . 0 1 2 AF
52548.9 24.7 - - 0 . 0 1 1  ±  0.006 0 . 0 0 2  ±  0 . 0 0 1 0.037 ±  0.012 JJ
52551.5 27.3 - 0 . 0 0 1 -0 .0 0 6 0 . 0 0 2 -0 .0 0 7 BA
52552.5 28.3 - 0 . 0 1 1 0 . 0 0 0 -0 .0 2 4 -0 .0 1 7 BA
52554.8 30.7 -0 .0 1 3  ±  0.005 0.008 ±  0.005 -0 .0 2 6  ±  0.006 0.006 ±  0 . 0 1 0 MO
52555.8 31.6 - - -0 .0 2 4 0.016 W M
52555.8 31.6 -0 .0 0 8  ±  0.006 0 . 0 0 2  ±  0.006 -0 .0 2 4  ±  0.003 0.016 ±  0 . 0 1 2 DO
52556.8 32.6 - - 0 . 0 0 0 0.016 W M
52560.4 36.2 - -0 .0 0 2  ±  0.004 -0 .0 1 0  ±  0.003 -0 .0 5 0  ±  0.006 SS
52561.4 37.2 -0 .0 1 2  ±  0.003 -0 .0 0 2  ±  0.004 - - SS
(a ) Relative to  B  m axim um  (M JD =  52524.2)
ila r  to  eac h  o th e r  as sh o w n  by  th e  lig h t cu rv es  (see F ig . 4) 
a n d  s p e c tr a  (K o ta k  e t  al. in  p re p a ra tio n ) .
A s p o in te d  o u t  by  L e ib u n d g u t (1988 ), th e  d e riv e d  a b ­
so rp tio n  to w a rd  a  SN  v aries w ith  th e  lig h t-c u rv e  p h a se , d u e  
to  th e  s ig n ifican t co lo u r e v o lu tio n  t h a t  th e se  e v en ts  u n d e rg o . 
T h e re fo re  th e  p re sen c e  of th e  in te r s te lla r  m a te r ia l  a lo n g  th e  
lin e  of s ig h t a c ts  to  ch an g e  th e  sh a p e  of th e  lig h t cu rv e . T o 
ta k e  th is  effect in to  a cc o u n t, w e h av e  a p p lie d  th e  c o rre c tio n  
a ro u n d  m a x im u m  b r ig h tn e ss  a n d  in  th e  ta i l  p h a se  follow ing
th e  p re sc r ip t io n  g iv en  b y  P h illip s  e t  al. (1999). A s in  th e  
c o m p a riso n  w ith  SN  1996X , to  a c c o u n t for th e  co lo u r excess 
e v o lu tio n  we n e ed  to  c o m p u te  a  t im e  d e p e n d e n t  c o rre c tio n  
to  b e  a p p lie d  to  th e  o b se rv ed  B  — V  o f  SN  2002er. F o r th is  
p u rp o se  we h av e  a rtif ic ia lly  re d d e n e d  a  sa m p le  o f a rch iv a l 
SN  sp e c tra ,  o rig in a lly  a ffec ted  by  a  neg lig ib le  a m o u n t o f e x ­
t in c t io n , a n d  d e r iv e d  th e  E ( B  — V ) ev o lu tio n  as a  fu n c tio n  o f 
th e  SN  p h ase . T h e  fu ll re su l ts  o f  th is  w o rk  w ill b e  re p o r te d  
in  a  fo r th co m in g  p a p e r  ( P ig n a ta  e t  al. in  p re p a ra tio n ) .
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T a b le  5. Reddening from  different m ethods.
M ethod E ( B  -  V ) Reference
B max Vmax 0.34 i  0.05 Phillips e t al. ( 1999)
Vmax I max 0.30 i  0.04 Phillips e t al. ( 1999)
(B  -  V)max 0.33 i  0.06 A ltavilla  e t al. (2004)
CM AGIC 0.31 i  0.04 W ang e t al. (2003)
(B  -  V ) tail 0.37 i  0.05 Phillips e t al. ( 1999)
E ( B  -  V )  1996X 0.37 i  0.03 Salvo e t al. (2001)
T h a n k s  to  th is  p ro c e d u re  a n d  to  th e  S -c o rre c tio n  t h a t  
we a p p lie d  to  th e  d a ta ,  a ll th e  re d d e n in g  e s t im a te s  a re  c o n ­
s is te n t  w ith in  1 a  (see T ab le  5 ) . T h e  f irs t fo u r m e th o d s  lis te d  
in  T ab le  5 u se  m a x im u m  b r ig h tn e ss  d a ta  a n d  o n ly  th e  la s t 
tw o  e x p lo it in fo rm a tio n  c a rr ie d  b y  th e  ta i l  a n d  th e  w hole  
p h a se  ra n g e , re sp ec tiv e ly . T h e re fo re , we h av e  f irs t c o m p u te d  
th e  w e ig h ted  av erag e  o f th e  E ( B  — V ) m a x im u m  v alues, 
E ( B  — V )m ax , th is  re p re se n tin g  th e  m a x im u m  lig h t m e th ­
od s. T h e n  th e  fin a l e s t im a te  o f E ( B  — V ) w as c a lc u la te d  
a s  a  w e ig h ted  av erag e  o f E ( B  — V )m ax , E ( B  — V ) tau  a n d  
E ( B  — V ) 1 9 9 6 X . T h is  g ives E ( B  — V ) =  0.36 ±  0.05. 
K risc iu n a s  e t  al. (2004) h av e  p re se n te d  V  — H  a n d  V  — K  
te m p la te s  fo r “M id ra n g e ” d e c lin e rs  a n d  th e y  h av e  p ro p o se d  
to  use  th e m  as a  to o l to  e s t im a te  th e  e x tin c tio n  su ffered  
b y  a  SN . U sin g  o u r  sing le  e p o ch  IR  o b se rv a tio n s  (see sec­
t io n  5.3) we h av e  o b ta in e d  E ( B  — V ) =  0.29 ±  0.11 a n d  
E ( B  — V ) =  0.31 ±  0.13, fro m  th e  V  — H  a n d  V  — K  co lou rs , 
re sp ec tiv e ly . B o th  v a lu es a re  in  re a so n a b le  a g re e m e n t w ith  
th o se  re p o r te d  b e fo re . W e h av e  n o t  in c lu d e d  th e se  e s t im a te s  
in  th e  c o m p u ta tio n  o f th e  E ( B  — V ) fin a l v a lu e , b e ca u se  
a  sing le  e p o c h  m e a su re m e n t m ig h t in tro d u c e  a  sy s te m a tic  
e r ro r  if  th e  o b se rv a tio n s  w ere  p e rfo rm e d  u n d e r  n o n  p h o to ­
m e tr ic  co n d itio n s . N ev erth e le ss , i t  t e n d s  to  co n firm  t h a t  th e  
re d d e n in g  we h av e  g o t fro m  th e  o p tic a l p h o to m e try  is co r­
re c t.
A  to ta l ly  in d e p e n d e n t  w ay  o f e s t im a tin g  th e  e x tin c ­
t io n  is g iv en  b y  th e  re la tio n  b e tw e e n  E ( B  — V ) a n d  th e  
e q u iv a len t w id th  o f th e  N a l  D  lines, as f irs t p ro p o se d  by 
B a rb o n  e t al. (1990 ). M o re  recen tly , T u r a t to  e t  al. (2003) 
h av e  sh o w n  th a t  tw o  d iffe ren t l in e a r  re la tio n s  w ith  d iffe r­
e n t  s lopes seem  to  e x is t. In  th e  case  o f  SN  2002er th e  re la ­
t io n  w ith  sm a lle r  s lo p e  g ives E ( B  — V ) =  0.14 for th e  M ilky  
W ay  a n d  E ( B  — V ) =  0.42 fo r th e  to ta l  a m o u n t o f  re d d en in g . 
T h ese  v a lu es a re  in  g o o d  a g re e m e n t w ith  th e  v a lu e  re p o r te d  
in  Schlegel, F in k b e in e r  & D av is  (1998) for th e  G a la x y  a lone  
(0 .16) a n d  th e  to ta l  v a lu e  we g e t fro m  th e  p h o to m e try  (0 .36), 
re sp ec tiv e ly .
5 LIGHT A N D  COLOUR CURVES  
5.1 M axim um  light
T h e  U B V R I  l ig h t cu rv es  o f SN  2002er a re  sh o w n  in  F ig . 4. 
F o r  co m p a riso n , th e  lig h t c u rv es  o f  th re e  o th e r  T y p e  I a  SN e 
w ith  s im ila r  v a lu es o f A r n 15 a re  a lso  sk e tch e d . F ro m  th e  
p lo t i t  is e v id e n t t h a t  SN  2002er re sem b les re a so n a b ly  well 
a ll th e  th re e  te m p la te  SN e, th e  m a tc h  b e in g  th e  b e s t  w ith  
SN  1996X . SN 2002er follow s th e  b e h a v io u r  o f  th is  o b je c t 
ev en  in  th e  I  b a n d , w h e re  th e  d ifferences b e tw e e n  T y p e  Ia  
SN e a re  u su a lly  m o re  p ro n o u n c e d  (S u n tze ff  1996).
O u r  w ell sa m p le d  U B V R I  d a ta  give u s th e  p o ss ib ility  
o f m ak in g  a  d e ta ile d  c o m p a riso n  w ith  th e  o th e r  th re e  SNe. 
In  th e  U  b a n d  th e  lig h t cu rv e  o f SN  2002er show s a  d if­
fe re n t b e h a v io u r  w ith  re sp e c t to  SN  1994D . In  p a r tic u la r  
o u r  o b je c t re sem b les SN  1994D  b e tw e e n  —3 a n d  + 1 5  d ay s, 
w h ile  la te r  o n  SN  2002er b eco m es b r ig h te r .  U n fo r tu n a te ly  
th e re  a re  n o t  a  lo t o f o b se rv a tio n s  o f  SN  1996X  in  th e  U  
f ilte r, b u t  th e  few  av a ilab le  p o in ts  a re  v e ry  close to  th o se  
o f 1994D . T h e  B  lig h t cu rv e  show s less p ro n o u n c e d  d iffe r­
ences. F o r th is  b a n d  th e  SN  Ia  te m p la te  (L e ib u n d g u t 1988) 
s t re tc h e d  b y  a  su i ta b le  fa c to r  (P e r lm u tte r  e t  al. 1 997a) is 
a lso  re p o rte d .  T h e  te m p la te  fits  th e  d a ta  re a so n a b ly  well 
over th e  w ho le  p h a se  ran g e . F o r th e  V  a n d  R  f ilte rs  w e n o ­
t ic e  t h a t  th e  sh o u ld e r  v is ib le  b e tw e e n  + 2 0  a n d  + 3 0  d a y s  is 
m o re  p ro n o u n c e d , a n d  s ta r t s  s lig h tly  la te r  t h a n  in  SN  1994D 
a n d  SN  1992A , i t  is a lso  s tro n g e r  t h a n  SN  1996X . In  th e  I  
l ig h t cu rv e , th e  se c o n d a ry  m a x im u m  is ach iev ed  ro u g h ly  a t  
th e  sam e  e p o ch  o f SN  1996X  a n d  it  is 0 .53 m ag  fa in te r  th a n  
th e  f irs t m a x im u m , a  v a lu e  w h ich  is v e ry  s im ila r  to  t h a t  o f 
SN  1996X  (0.52 m ag ).
A s fa r as th e  p re -m a x im u m  p h a se  is c o n ce rn ed , th e  co m ­
p a r iso n  b e tw e e n  SN  2002er a n d  SN  1994D  seem s to  show  a  
sy s te m a tic  sh if t in  th e  rise  t im e  d ifferences as we go fro m  
th e  b lu e  to  th e  re d  p a ssb a n d s . T h e  tw o  SN e e x h ib i t  s im ­
ila r  b e h a v io u rs  in  V  a n d  R  f ilte rs , b u t  SN  2002er reach es 
m a x im u m  lig h t m o re  slow ly  t h a n  SN 1994D  in  th e  U  a n d  B  
b a n d s  a n d  fa s te r  in  th e  I  filte r.
T h e  e a r ly  d isco v ery  o f SN  2002er a lso  g ives u s  th e  o p ­
p o r tu n i ty  to  a p p ly  th e  m e th o d  o f (R iess e t  al. 1 999b) for 
e s t im a tio n  o f th e  ex p lo s io n  d a te  (to ). T h e  m a in  h y p o th e s is  
o f th is  m e th o d  is t h a t  T y p e  I a  SN  sh o r t ly  a f te r  th e  e x p lo ­
sio n s c o u ld  b e  re p re se n te d  as a  e x p a n d in g  fireba ll. T h e  SN  
lu m in o s ity  is th e re fo re  p ro p o r t io n a l  to  th e  sq u a re  t im e  since  
th e  ex p losion . C o m b in in g  th e  tw o  u n f ilte re d  m e a su re m e n ts  
r e p o r te d  in  th e  d isco v ery  IA U  C irc u la r  (Li e t  al. 2002), w h ich  
c a n  b e  re a so n a b ly  w ell a p p ro x im a te d  to  a  R  b a n d  m a g n itu d e  
(L i, p r iv a te  c o m m u n ic a tio n ) , w ith  o u r  e a r ly  R  p h o to m e try , 
we o b ta in  t 0 (R )  =  52505.5 (M JD ). In  th is  e s t im a te  we h av e  
c o n s id e re d  o n ly  p o in ts  u p  to  8 d a y s  b e fo re  th e  R  m ax im u m  
lig h t, since, as sh o w n  by  R iess  a n d  c o lla b o ra to rs , th e  re ­
d u c e d  x 2 rises d ra m a tic a l ly  if  l a te r  d a ta  a re  in c lu d e d  in  th e  
fit. T ak in g  in to  a c c o u n t th e  1.5 d a y s  d e lay  b e tw e e n  R  a n d  
B  m a x im a , w ith  th e  7 av a ilab le  m e a su re m e n ts  we fina lly  d e ­
riv e  a  rise  t im e  t r (B )  =  18.7 d ay s , w h ich  is la rg e r  t h a n  th e  
t r =  16.8 d a y s  im p lied  by  th e  re la tio n  o f R iess  e t  al. (1 9 9 9 b ) 
g iv en  th e  A m 15 o f SN  2002er.
A s m e n tio n e d  b e fo re , re d d e n in g  a c ts  to  ch an g e  th e  
sh a p e  o f th e  lig h t cu rv e , especially , in  th e  B  f ilte r, d e c re a s­
in g  i ts  d ec lin e  ra te .  T o  c o m p u te  th e  re d d e n in g  free B  b a n d  
A m 15, we a p p lie d  th e  c o rre c tio n  fo u n d  b y  P h illip s  e t  al.
(1999) a n d  o b ta in e d  A m 15 =  1.33 ±  0.04. A lso  th e  s t r e tc h  
fa c to r  w as c o m p u te d  c o rre c tin g  th e  B  l ig h t cu rv e  fo r th e  
re d d e n in g  effect u s in g  th e  t im e  d e p e n d e n t  c o rre c tio n  m e n ­
tio n e d  in  th e  p re v io u s  sec tio n . W e n o te  t h a t  th e  re d d e n in g  
c o rre c te d  v a lu es o f  A m 15 a n d  s t r e tc h  fa c to r  s , sa tis fy  re a ­
so n a b ly  w ell b o th  th e  re la tio n s  re p o r te d  b y  P e r lm u t te r  e t  al. 
(1 9 9 7 b ) a n d  A lta v illa  e t  al. (2004).
T h e  m a in  p h o to m e tr ic  p a ra m e te rs  o f  SN  2002er a re  re ­
p o r te d  in  T ab le  6. M a x im u m  lig h t e p o ch s  a n d  m a g n itu d e s  
w ere  e s t im a te d  in  eac h  b a n d  f i tt in g  a  low  o rd e r  p o ly n o m ia l. 
W e n o te  t h a t  th e  t im e  offse ts b e tw e e n  m a x im a  in  d iffe r­
e n t  p a s sb a n d s  fa ll in  th e  ra n g e  re p o r te d  in  C o n ta rd o  e t  al.
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T a b le  6 . M ain param eters of SN 2002er and its host galaxy. T he 
decline ra te  7  was com puted tak ing  into account th e  d a ta  later 
th a n  + 150 days only. All th e  values are com puted using th e  S- 
corrected da ta .
Host galaxy UGC 10743
G alaxy type Sa? (De Vaucouleurs 1991) 
Sc (C hristensen et al. 2003)
RA (2000) 17h 11m 30s .7
Dec (2000) + 0 7 °5 9 ’44” .8
Recession velocity [km s—1] 2568 ±  7 (Falco e t al. 1999)
2560 ±  20 (C hristensen e t al. 2003)
Recession velocity 2652 ±  33
corrected for LG infall onto
Virgo [km s - 1 ]
D istance m odulus ^  =  32.9 ±  0.2
(H 0=71 km s - 1  M pc- 1 )
E (B  -  V ) 0.36 ±  0.05
D ate of B  m ax (M JD) 52524.2 ±  0.5
Offset from  th e  nucleus 12".3 W est and 4 ".7  N orth
M agnitude a t m ax and U =  14.72 ±  0.04 - 0.5 [days]
tim e respect th e  B  max B  =  14.89 ±  0.03 0 . 0  [days]
V =  14.59 ±  0.03 2 . 0  [days]
R  =  14.43 ±  0.03 1.5 [days]
I  =  14.49 ±  0.05 - 0 . 6  [days]
M agnitude and epoch 14.97 ±  0.05 25.5 [days]
of th e  second I  m ax
Reddening C orrected (U -  B ) 0  =  -0 .4 2  ±  0.08
Colours a t tim e of B  m ax ( b  -  V)o =  -0 .1 1  ±  0.07 
( v  -  r ) 0  =  -0 .0 4  ±  0.07 
( v  -  I ) 0  =  -0 .3 2  ±  0.08
Am .15  in B 1.33 ±  0.04
stre tch  factor in B 0.89 ±  0.02
Late phase decline ra te YB =  1.29 ±  0.04 y v  = 1.48 ±  0.04
mag 1 0 0 d - 1 YR=2.03 ±  0.05 y i = 1.67 ±  0.11
(2000 ). In  fa c t, SN  2002er re a c h e d  m a x im u m  b r ig h tn e ss  in  
th e  U  a n d  I  b a n d  s lig h tly  e a rlie r  th a n  in  th e  B  f ilte r, b u t  
ro u g h ly  tw o  d a y s  la te r  in  V  a n d  R .
T h e  d e -re d d e n e d  co lo u r c u rv es  o f  SN 2002er a re  co m ­
p a re d  in  F ig . 5 w ith  th o se  o f SN  1994D , SN  1996X , 
SN  2002bo  a n d  w ith  th e  co lo u r te m p la te  o f N ob ili e t  al.
(2003 ) s t re tc h e d  by  a  fa c to r  s  =  0.89. T h e  (B  — V ) 0  co lor 
e v o lu tio n  o f SN  2002er is v e ry  s im ila r  to  a ll th e  o th e r  o b je c ts  
a n d  it  is w ell re p ro d u c e d  b y  th e  N ob ili cu rv e . In  (V  — R ) 0  th e  
d ifferences b e tw e e n  SN e a re  m o re  p ro n o u n c e d . In  p a r tic u la r  
b e tw e e n  0 a n d  + 8  d a y s  SN  2002er show s n e ith e r  th e  re d d e r  
b u m p  o f th e  tw o  e v en ts  n o r  th e  b lu e r  d ip  o f SN  2002bo. 
In d e e d , in  th is  p h a se  in te rv a l, th e  (V  — R ) 0  e v o lu tio n  is in ­
te rm e d ia te  b e tw e e n  th e  tw o  cases. A n y w ay  th e  ov era ll cu rv e  
sh a p e  is q u ite  w ell re p ro d u c e d  by  th e  N ob ili te m p la te ,  b u t  
u n t i l  + 2 5  d a y s  i t  is a b o u t  0.1 m ag  b lu er.
T h e  (V  — I ) 0  co lo u r e v o lu tio n  a ll th e  SN e r e tu r n  to  b e  
q u ite  sim ila r. W e ju s t  n o te  t h a t  u n t i l  + 9  d a y s  th e  SN  2002er
V  — I  e v o lu tio n  is v e ry  close to  th o se  o f SN  1996X , SN  1994D 
a n d  th e  N ob ili te m p la te ,  w h ile  SN  2002bo  a p p e a rs  to  b e  
b lu e r. A fte r  + 1 0  d ay s , SN  2002er b eco m es b lu e r , reach in g  
a lm o s t th e  sam e  co lo u r as SN  2002bo.
5.2 N ebular phase
SN  2002er w as o b se rv ed  also  a t  la te  p h a se s , i.e. b e tw e e n  six  
m o n th s  a n d  o n e  y e a r  a f te r  th e  ex p losion . T h e  c o m p le te  lig h t 
c u rv es  to  th e  la te s t  ep o ch  a re  sh o w n  in  F ig . 6 , to g e th e r  w ith
th o se  o f SN  1992A  a n d  SN  1996X . F o r p re se n ta tio n , th e  
lig h t cu rv es  o f th e  la s t  tw o  o b je c ts  h av e  b e e n  sh if te d  to  fit 
SN  2002er a ro u n d  m ax im u m . T h e  B V R I  la te  t im e  dec lin e  
r a te s  7 , c o m p u te d  a f te r  d a y  150, a re  c o m p a tib le  w ith in  th e  
e rro rs  w ith  th o se  o f SN  1992A  a n d  SN  1996X . A s fo u n d  b y  
B o isseau  e t al. (1991) a t  la te  e p o ch s  th e  b a c k g ro u n d  c o n ­
ta m in a t io n  c a n  p lay  a  re le v an t ro le  a n d  th is  c o u ld  b e  th e  
re a so n  w h y  in  e ach  f ilte r  th e  p o in ts  o f SN  2002er lie a b o u t
0.1-0 .2  m a g n itu d e s  ab o v e  th o se  o f SN  1992A  a n d  SN  1996X. 
T h is  co u ld  b e  a lso  th e  re a so n  w h y  in  th e  la s t  B  b a n d  p o in t 
th is  g a p  seem s to  b e ca m e  la rg e r. A n o th e r  p o ss ib le  sou rce  
o f  sy s te m a tic  e rro rs  m ig h t b e  re la te d  to  th e  n o n -s ta n d a rd  
n a tu r e  o f  th e  W F I  filte rs. In  fa c t, in  th is  p h a se  ra n g e  th e  
em iss io n  fe a tu re s  d o m in a tin g  th e  SN  s p e c tru m  in d ee d  a c t to  
am p lify  th e  effect o f th e  p a s sb a n d  m ism a tc h . In  p a r tic u la r ,  
in  T y p e  Ia , th e  s tro n g e s t  fe a tu re  a ro u n d  4700 A  id en tified  
a s  F e III  c o m p le te ly  d o m in a te s  th e  flu x  in  th e  B  b a n d . T h is , 
to g e th e r  w ith  th e  fa c t t h a t  th e  W F I  B  b a n d  d e p a r ts  c o n sid ­
e ra b ly  fro m  th e  s t a n d a r d  o ne , m ak e s  th e  B  S -c o rre c tio n  for 
th is  in s t ru m e n t  r a th e r  large . U sin g  re d d e n e d  la te  s p e c tr a  o f 
SN  1996X  a n d  SN  1992A  we fo u n d  a  v a lu e  a ro u n d  0.3 m ag  
fo r SN  2002er. A lso  w ith in  th e  V  b a n d  th e re  is q u ite  a  p ro m i­
n e n t  fe a tu re  a t  5300 A  a t t r ib u te d  to  F e III  +  F eII. H ow ever, 
in  th is  case  th e  V  W F I  b a n d  is n o t  so d iffe ren t fro m  th e  
B esse ll one, so th e  effect is q u ite  sm a ll (0.05 m a g n itu d e s ) . 
In  th e  w a v e le n g th  ra n g e  co vered  b y  th e  R  a n d  I  f ilte rs  th e  
s p e c tru m  is s m o o th e r  t h a n  in  th e  b lu e  p a r t .  T h e re fo re , even  
if  th e  m is m a tc h  b e tw e e n  th e  R , I  W F I  b a n d s  a n d  th e  R , 
I  B esse ll b a n d s  is n o tic e ab le , th e  c o rre c tio n s  a re  b e low  0.1 
m a g n itu d e s . U n fo r tu n a te ly  d u e  to  th e  low  s ig n a l-to -n o ise  r a ­
tio , th e  flu x  c a l ib ra t io n  o f th e s e  la te  t im e  s p e c tr a  is n o t  p re ­
cise e n o u g h  to  c o m p u te  a  re liab le  c o rre c tio n . H ow ever, since  
th e  s p e c tra l  e v o lu tio n  a t  la te  p h a se s  is v e ry  slow , th e  b a n d s  
m is m a tc h  sh o u ld  n o t  affec t th e  d ec lin e  r a te  (see T ab le  6 ) 
w h ich  a t  th is  ep o ch  is th e  m o s t im p o r ta n t  p h o to m e tr ic  p a ­
ra m e te r . A s m e n tio n e d  by  T u r a t to  e t  al. (1990 ), th e  B  — V  
co lo u r o f T y p e  I a  SN e re m a in s  c o n s ta n t  a f te r  s ix  m o n th s  
fro m  th e  p e a k  b r ig h tn e ss . SN  2002er co n fo rm s to  th is  b e ­
h av io u r: b e tw e e n  d a y  179 a n d  d a y  215 B  — V  is c o n s ta n t  
w ith in  th e  e rro rs . T h e  w e ig h ted  m e a n  o f th e  th re e  av a ilab le  
m e a su re m e n ts  is B  — V  =  0 .0 9 ± 0 .0 4 . A t  th e  p re se n t d a te  th e  
la te s t  B  a n d  V  im a g in g  o f SN  2002er w as p e rfo rm e d  619.1 
d a y s  a f te r  m a x im u m  lig h t. T h e  goal o f th e se  o b se rv a tio n s  
w as to  d e te c t  a  p o ss ib le  lig h t echo. In  fa c t, th e  d e te c t io n  of 
th is  ra re  p h e n o m e n o n , o b se rv ed  o n ly  in  tw o  T y p e  I a  SN e 
(SN  1991T , S c h m id t e t  al. 1994 a n d  SN  1998bu , C ap p e l-  
la ro  e t  al. 2 0 0 1 ), w o u ld  allow  one  to  g e t som e in fo rm a tio n  
o n  th e  SN  e n v iro n m e n t. U sin g  a r tif ic ia l s ta r s  p lac ed  a t  th e  
SN  p o s itio n , we e s t im a te  a  3a  u p p e r  l im it  o f B = 2 3 .1  a n d  
V = 2 3 .7  fo r SN  2002er a t  th e  p re v io u s ly  m e n tio n e d  ep o ch . 
G iv en  th e se  d e te c t io n  lim its , w e w o u ld  h av e  d e te c te d ,  for 
in s ta n c e , a  lig h t echo s im ila r  to  t h a t  sh o w n  by  SN  1998bu, 
a t  le a s t in  th e  V  p a ssb a n d . O f  c o u rse  we c a n  n o t  ex c lu d e  a  
fa in te r  echo, for ex am p le , as th e  one  sh o w n  by  SN  1991T .
5.3 N ear-IR  P hotom etry
A  sing le  e p o c h  (19.9 d a y s  p a s t  B  m a x im u m  lig h t)  N ear- 
IR  im a g in g  ( J H K s )  w as c a r r ie d  o u t  a t  N T T  T elesco p e  
u s in g  th e  S O F I IR  c a m e ra  o n  S e p te m b e r  26.9 U T  2002. 
T h is  in s t ru m e n t  u se s  a  H aw aii H g C d T e  1024x1024 a r ra y  a n d  
w as o p e ra te d  a t  a  p la te  sca le  o f 0.29 a rc se c /p ix e l.  D a ta  re-
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F ig u r e  4. U B V R I S-corrected light curves of SN 2002er. T he ord inate  scale refers to  th e  B -band . For p resen tation  th e  o ther bands were 
shifted by th e  am ount shown in th e  plot. Different sym bols refer to  different instrum ents (see Table 1 for th e  m eaning of th e  acronym s). 
T he solid lines and dashed-do tted  lines represent th e  B V R I light curves of SN 1996X (A m 15  =  1.31) (Salvo et al. 2001) and SN 1992A 
(A m 15 =  1.47), (Suntzeff 1996). T he dashed lines refer to  th e  U B V R I light curves of 1994D (A m 15  =  1.32), (P a ta t  e t al. 1996). F inally  
th e  d o tted  line is th e  B  tem p la te  (L eibundgut 1988) stre tched  by a  best fit factor s =  0.89. T he light curves of SN 1992A, SN 1994D, 
SN 1996X and th e  B tem p la te  are shifted in order to  get th e  best m atch to  SN 2002er, betw een - 7 .0  and + 7 .0  days.
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d u c tio n  w as p e rfo rm e d  u s in g  s ta n d a r d  ro u tin e s  in  IR A F . 
A s in  th e  O p tic a l,  IR  p h o to m e try  w as c a rr ie d  o u t  u sin g  
th e  P S F  f i t t in g  tec h n iq u e . T h e  c a l ib ra te d  m a g n itu d e s  a re  
J  =  16.03 ±  0.06, H  =  14.68 ±  0.06 a n d  K s  =  14.66 ±  0.07. 
T h e  a sso c ia te d  e rro rs  a re  p ro b a b ly  u n d e re s t im a te ,  s ince  th e  
o b se rv a tio n s  w ere  p e rfo rm e d  u n d e r  u n k n o w n  tra n s p a re n c y  
c o n d itio n s  N e v e rth e le ss  th e  ( J  — H ) 0  a n d  ( H  — K ) 0  co lo u rs  
a re  c o m p a tib le  w ith in  th e  u n c e r ta in t ie s , w ith  th o se  o f th e  
E lia s  e t  al. (1985) IR  te m p la te s .
6 A BSO LU TE LU M IN O SITY  A N D  
BOLOM ETRIC LIGHT CURVES
U G C  10743, th e  p a re n t  g a la x y  o f SN  2002er, h a s  a  r a ­
d ia l v e lo c ity  w ith  re sp e c t to  th e  C M B  re fe ren ce  fram e  of 
v r = 2 5 7 3  ±  8  k m  s - 1  (L E D A ). T o c o m p u te  a  re liab le  d is ­
ta n c e  u s in g  th e  H u b b le  law , th e  rece ssio n  v e lo c ity  h a s  to  
b e  c o rre c te d  fo r m o tio n  d e p a r tu re s  fro m  th e  H u b b le  flow. 
O n e  o f th e  c o m p o n e n ts  o f  th e  p e c u lia r  m o tio n  is d u e  to  
th e  L o ca l G ro u p  (L G ) in fa ll in to  th e  V irg o  C lu s te r . U sin g  
a n  in fa ll v e lo c ity  o f 224 ±  90 k m  s - 1  (B u re a u  e t  al. 1996) 
we o b ta in  a  c o rre c te d  v e lo c ity  o f v r = 2 6 5 2  ±  33 k m  s - 1  
for U G C  10743. A ssu m in g  H 0  = 7 1  ±  8  k m  s - 1  M p c - 1  
(F re e d m a n  e t al. 2001), we d e riv e  a  d is ta n c e  m o d u lu s  
p  =  32.9 ±  0.2. T ak in g  in to  a cc o u n t th e  e s t im a te d
10 G. Pignata et al.
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F ig u r e  5. (B  -  V )0, (V -  R ) 0  and  (V  -  I ) 0  S-corrected colour curves of SN 2002er com pared w ith those of SN 1994D (P a ta t et al. 
1996), SN 1996X (Salvo e t al. 2001), SN 2002bo (B enetti et al. 2004) and th e  Nobili colour curve tem p la te  (Nobili e t al. 2003) stretched 
by a  factor s=0.89.
E ( B  — V ) a n d  u s in g  th e  C a rd e lli, C la y to n  & M a th is  (1989) 
law  o f e x tin c tio n  in  th e  U B V R I  p a ssb a n d s , we o b ­
ta in  M m ax =  —19.9 ±  0.3, M % ax =  —19.5 ±  0.2, 
MVmax =  —19.4 ±  0.2, M rm ax =  —19.3 ±  0.2 a n d  
M jnax =  —19.0 ±  0.2. A n o th e r  w ay  to  e s t im a te  th e  a b so ­
lu te  m a g n itu d e  is v ia  th e  lin e a r  re la tio n s  b e tw e e n  M max 
a n d  A m 1 5  f irs t p ro p o se d  b y  P h illip s  (1993). T h is  w as 
la te r  rev ised , e sp ec ia lly  fo r th e  B  b a n d , by  o th e r  a u ­
th o rs ,  th e  m o s t re c e n t o f w h o m  is A lta v illa  e t  al. (2004). 
A d o p tin g  th e  A lta v illa  e t  al. (2004 ) v a lu es -19 .613  ±  0.037 
a n d  1.102 ±  0.147 for th e  l in e a r coefficien ts , we o b ta in  
M W ax =  —19.35 ±  0.07 fo r SN  2002er, w h ich  is in  q u ite  
g o o d  a g ree m e n t w ith  o u r  p re v io u s  e s t im a te  o f MBma x .
U sin g  th e  c o m p u te d  d is ta n c e  m o d u lu s  a n d  re d d e n in g  
a n d  a d d in g  th e  U V  a n d  IR  c o n tr ib u tio n s  g iv en  by  S u n tze ff  
(1996 ) to  o u r  w e ll-sam p led  U B V R I  d a ta  for SN  2002er, we 
w ere  ab le  to  c o n s tru c t  th e  u v o ir  l ig h t cu rv e . T h is  is p re ­
s e n te d  in  F ig . 7. In  th e  left p a n e l, we c o m p a re  th e  u v o ir
lig h t cu rv e  o f SN  2002er (filled c irc les) w ith  t h a t  o f  SN  1996X  
(so lid  line) (R iess e t  al. 1999a, Salvo  e t al. 2001) sh if te d  by  
+ 0 .0 7  d e x  to  o b ta in  a  b e s t  fit a ro u n d  m ax im u m . T h e  s im i­
la r i ty  in  th e  u v o ir  l ig h t cu rv e  sh a p e  b e tw e e n  th e  tw o  o b je c ts  
is re m a rk ab le . SN  2002er show s o n ly  a  lo n g er rise  t im e  a n d  a  
sm a ll d e v ia t io n  a ro u n d  th e  seco n d  m a x im u m  d u e  to  i ts  m o re  
p ro n o u n c e d  sh o u ld e r  in  th e  re d  p a ssb a n d s . T h e  0 .07 d e x  d if­
fe ren ce  c o u ld  b e  d u e  to : (a) th e  u n c e r ta in t ie s  in  th e  d is ta n c e  
m o d u lu s  c au sed  b y  a n  e r ro r  e ith e r  o n  th e  H u b b le  flow reces­
sio n  v e lo c ity  o r o n  H 0 v a lu e  (o r a  c o m b in a tio n  o f b o th ) ;  (b) 
th e  u n c e r ta in ty  in  th e  re d d e n in g  e s tim a te ; (c) a n  in tr in s ic  
d ifferen ce  in  th e  m ass  o f 56N i p ro d u c e d  (o r a  c o m b in a tio n  of 
a ll th re e ) . C o n c e rn in g  th e  e x tin c tio n , ev en  if  th e  co lo u r e x ­
cess is k n o w n  w ith  h ig h  accu racy , o n e  h a s  to  a ssu m e  a  va lue  
fo r th e  to ta l- to -s e le c tiv e  a b so rp tio n  coefficien t. T y p ica lly , 
th e  v a lu es o f C a rd e lli e t  al. (1989) a re  a d o p te d . R ecen tly , 
P h illip s  e t  al. (1999), W an g  e t al. (2003 ) a n d  A lta v illa  e t  al.
(2004) h av e  sh o w n  th a t  for SN  h o s t  g a lax ies  a  low er v a lu e  of
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F ig u r e  6. U B V R I light curves of SN 2002er (S-corrected) including late  phase d a ta  (not S-corrected). T he error bars a re  draw n only 
when th ey  are  larger th a n  th e  points. For com parison, th e  light curves of SN 1996X (Salvo et al. 2001) and SN 1992A (Suntzeff 1996) 
a re  also sketched. T he lack of d a ta  betw een 3 and 6  m onths is due to  th e  seasonal gap.
R b  d ec reases  th e  d isp e rs io n  in  th e  M max vs. A m .15  re la tio n . 
In  p a r tic u la r  A lta v illa  e t  al. (2004), a d o p tin g  R b  =  3.5 a n d  
th e  P e r io d -L u m in o s ity -C o lo u r  re la tio n  o f F re e d m a n  e t al.
(2001 ), h av e  o b ta in e d  Ho =  72 ±  7 k m  s - 1  M p c - 1 . T h ese  
v a lu es o f  R b  a n d  H 0  ch an g e  th e  e s t im a te  o f b o th  th e  a b ­
so rp tio n  a n d  th e  d is ta n c e  m o d u lu s  o f SN  2002er. In  th e  r ig h t 
p a n e l o f F ig . 7 w e show  th e  u v o ir  l ig h t cu rv e  (o p e n  c irc les) o f 
SN  2002er o b ta in e d  a ssu m in g  H 0  =  72 ±  7 k m  s - 1  M p c - 1 , 
a n d  a d o p tin g  th e  to ta l- to -s e le c tiv e  a b so rp tio n  coefficien ts in  
th e  U , V , R , a n d  I  b a n d s  t h a t  c o rre sp o n d  to  R b  =  3.5. 
A s th e  re a d e r  c a n  see, th is  cu rv e  re sem b les c losely  t h a t  o f 
SN  1996X  (d a sh e d  line) p lo t te d  w ith o u t  a n y  sh if t re la tiv e  
to  SN  2002er. W h ile  th is  m ig h t b e  seen  as p ro o f  t h a t  th e  
d ifference  b e tw e e n  th e  cu rv es  o f  SN  2002er a n d  SN  1996X  
is d u e  to  re d d e n in g  a n d  d is ta n c e  u n c e r ta in t ie s , th e  u v o ir  
l ig h t cu rv es  o f  o th e r  s im ila r  SN e a re  less s u p p o r t iv e  o f th is  
p o in t o f v iew . A lso  sh o w n  in  th e  r ig h t p a n e l o f  F ig . 7 a re  th e  
u v o ir  lig h t cu rv es  o f  SN  1992A , SN  1994D . T o g e th e r  w ith
SN  1996X , th e s e  SN e h av e  w e ll-d e te rm in e d  d is ta n c e s , low 
e x tin c tio n  a n d  s im ila r  A m 15  va lues. Y et, in  sp ite  o f th e se  
s im ila ritie s , th e ir  lu m in o s itie s  a re  q u ite  d iffe ren t. In  o th e r  
w ords, in  s p ite  o f th e  h ig h  s im ila r ity  o f SN 1996X  a n d  2002er, 
th e  A m 15 v a lu e  a lo n e  m ay  n o t  sp ec ify  th e  SN  lu m in o sity .
W e h av e  m o d e lled  th e  b o lo m e tr ic  lig h t cu rv e  of 
SN  2002er u s in g  o u r  M o n te  C a rlo  lig h t cu rv e  co d e  (M azza li 
2000). T h e  co d e  follow s th e  em iss io n , p ro p a g a tio n , a n d  d e ­
p o s itio n  o f th e  Y -rays a n d  th e  p o s itro n s  e m it te d  in  th e  d ecay  
c h a in  B6N w  5 6 C o ^ 5 6 Fe, u s in g  c o n s ta n t  Y -ray a n d  p o s i tro n  
o p a c itie s  k y =  0 .0 2 7 cm 2g -1  a n d  Ke+ =  7 c m 2 g - 1 , re sp ec ­
tively . I t  th e n  follow s th e  ra n d o m  w alk  o f th e  o p tic a l p h o to n s  
th u s  g e n e ra te d , a d o p tin g  a  t im e  d e p e n d e n t  o p tic a l o p a c ­
ity  a p p ro p r ia te  fo r SN e I a  a s  in  M azza li (2000). W e u se d  
a  W 7  (N o m o to , T h ie le m a n n  & Y okoi 1984) d e n s i ty /v e lo c ity  
s t r u c tu r e  to  c h a ra c te ris e  th e  SN  e jec ta . In  F ig . 7 (left p an e l) 
we c o m p a re  th e  m o d e l lig h t cu rv e  (56N i m ass  se t to  0 .7 5 M q ) 
w ith  th e  o b se rv ed  u v o ir  lig h t c u rv e  o f SN 2002er. T h is  m o d e l
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F ig u r e  7. In th e  left panel th e  filled circles give th e  uvoir  
light curve of SN 2002er com puted  using R g  from  Cardelli et 
al. (1989) and Ho =  71 ±  8  km  s—1 M pc- 1 (Freedm an e t al. 
2001). T he solid line is th e  uvoir  light curve of SN 1996X 
shifted by + 0.07 dex and th e  dashed-do tted  line is a  bolom et- 
ric light curve m odel. In th e  right panel th e  open circles give th e  
uvoir  light curve of SN 2002er com puted using R g  =  3.5 and 
Ho =  72 ±  7 km  s —1 M pc- 1 (A ltavilla e t al. 2004). T he dashed 
line is th e  uvoir  light curve of SN 1996X w ithout any shift relative 
to  SN 2002er. T he filled triang les and squares give th e  uvoir  light 
curves of SN 1994D and SN 1994A respectively. E rro r bars refer 
only to  th e  photom etric  errors and not to  th e  uncertain ty  in th e  
reddening and distance.
p ro v id es  a  g o o d  fit to  th e  b r ig h tn e ss  a n d  w id th  n e a r  th e  
p e a k  b u t  fa ils to  re p ro d u c e  th e  b u m p  seen  a t  25 d ay s. T h is  
is p ro b a b ly  d u e  to  su d d e n  c h an g es  in  th e  o p a c ity  w h ich  o u r 
m o d e l d o es  n o t  ta k e  in to  a cc o u n t a t  ad v an c ed  stag es .
T h e  m ass  o f 56N i is c o m p a ra b le  to  th e  v a lu e  e s t im a te d  
for SN e Ia  h a v in g  s ig n ifican tly  slow er d ec lin e  ra te s . T h is  
su g g ests , as m e n tio n e d  b e fo re , t h a t  th e  e s t im a te d  d is ta n c e  
a n d /o r  re d d e n in g  to  SN  2002er m ay  h av e  b e e n  o v e re s ti­
m a te d . A lte rn a tiv e ly  (o r in  a d d itio n )  i t  m ay  b e  t h a t  a  sing le  
p a ra m e te r  is n o t  e n o u g h  to  d e sc rib e  th e  ty p e  I a  e v en t, i.e. 
th e  5 6  N i m ass  m ay  n o t  b e  as s tro n g ly  c o rre la te d  w ith  th e  
lig h t cu rv e  sh a p e  as h a s  b e e n  su g g e ste d  in  th e  p a s t.
7 LIGHT CURVE M ODELS
O b serv e d  lig h t cu rv es  a n d  s p e c tr a  p ro v id e  th e  m o s t d ire c t 
te s t  o f ex p lo s io n  m o d els . H e re  we p re se n t som e s y n th e tic  
lig h t cu rv es, n o t  f it te d  to  SN 2002er, to  h e lp  in te rp re t in g  
th e  d a ta .  F o r th e  in te r p r e ta t io n  o f th e  co lo u r lig h t cu rv es  o f 
SN  2002er (as w ell as o th e r  T y p e  I a  SN e) we w ill re ly  on  
th e  s t a n d a r d  a s su m p tio n  t h a t  th e y  a re  w h ite  d w arfs , co m ­
p o sed  o f c a rb o n  a n d  oxygen , n e a r  th e  C h a n d ra s e k h a r  m ass, 
d is ru p te d  b y  th e rm o n u c le a r  b u rn in g . In  th e  “c lass ica l” W 7  
m o d e l th e  v e lo c ity  o f th e  th e rm o n u c le a r  b u rn in g  fro n t is 
p a ra m e tr iz e d  in  o rd e r  to  fit th e  s p e c tr a  o f o b se rv ed  SN e
Ia . M o re  re c e n t 3 -d im en sio n a l ex p lo s io n  m o d e ls  (R einecke , 
H il le b ra n d t  &. N iem ey er 2 0 02a ,b ) a re  e sse n tia lly  free o f su ch  
n o n -p h y s ic a l p a ra m e te rs . T h e y  c a n  o n ly  v a ry  th e  ig n itio n  
c o n d itio n s  a n d  th e  c o n d itio n  a n d  c o m p o s itio n  o f th e  e x p lo d ­
ing  w h ite  d w arfs  a llow ing  m o re  se lf-co n sis ten t p re d ic tio n  of 
th e  lig h t c u rv es  a n d  sp e c tra . H e re  w e p re se n t sy n th e tic  lig h t 
cu rv es b a se d  o n  b o th  ty p e s  o f m o d e l, a n d  c o m p a re  th e m  
w ith  SN 2002er.
W e u se  th e  lig h t c u rv e  co d e  S T E L L A  d e sc rib e d  
in  S o ro k in a  & B lin n ik o v  (2003). I t  c o m p u te s  b ro a d -b a n d  
U B V I  (a n d  b o lo m e tr ic )  lig h t c u rv es  b y  so lv in g  (im p lic ­
itly )  th e  t im e -d e p e n d e n t  e q u a tio n s  for th e  a n g u la r  m o m e n ts  
o f  th e  in te n s i ty  in  fixed  freq u e n c y  b in s , co u p led  to  (L a- 
g ra n g ia n )  h y d ro -d y n am ics . In  d o in g  so no  specific  te m p e ra ­
tu r e  h a s  to  b e  a sc rib e d  to  th e  ra d ia tio n . T h e  p h o to n  e n erg y  
d is t r ib u t io n  m ay  b e  q u ite  a rb itra ry .
W h ile  in  th is  p re sc r ip t io n  th e  r a d ia t io n  is n o t  in  e q u i­
lib r iu m  we a ssu m e  L T E  fo r io n iz a tio n  a n d  level p o p u la tio n . 
N L T E  effec ts a re  s im u la te d  b y  u s in g  th e  a p p ro x im a tio n  of 
th e  a b so rp tiv e  o p a c ity  in  sp e c tra l  lines. In  g en era l, th e  effect 
o f  line  o p a c ity  is t r e a te d  as a n  e x p a n s io n  o p a c ity  (E a s tm a n  
& P in to  1993, S o ro k in a  & B lin n ik o v  2002). I t  is ob v io u s 
t h a t  th e s e  a p p ro x im a tio n s  g ra d u a lly  loose re lia b ility  a t  la te  
e p o ch s  w h e n  th e  SN e n te rs  th e  n e b u la r  p h a se , a n d  also  a re  
less a c c u ra te  fo r th e  in fra re d  p a s sb a n d s  in  w h ich  th e  e je c ta  
a re  m o re  t r a n s p a re n t .  T h e re fo re , h e re  we w ill c o n c e n tra te  
m a in ly  o n  th e  e a rly  U B V  lig h t cu rves.
O u r  re su lts  a re  sh o w n  in  F ig . 8 . F i r s t  o f  a ll o n e  c an  
see t h a t  th e  W 7 -m o d e l re p ro d u c e s  r a th e r  n ice ly  th e  rise  o f 
SN  2002er in  th e  U , B  a n d  V  p a ssb a n d s , a n d  a lso  th e  p e a k  
lu m in o s itie s  a re  in  fa ir a g ree m e n t w ith  th is  m o d e l, w h ich  
h a d  a  5 6 N i-m ass o f a b o u t  0.7 M q  . In  c o n tra s t ,  th e  3D  m o d e l 
o f  R e in eck e  e t al. (2 0 0 2 b ) w ith  less 56N i ( ~  0.4 M q ) is to o  
fa in t,  b u t  is in  b e t t e r  a g ree m e n t w ith  th e  sh a p e  o f th e  lig h t 
cu rv es  in  U , B , a n d  V . T h e  r a th e r  p o o r  fits  to  th e  I-b a n d  
lig h t cu rv e  m ay  re flec t sh o rtc o m in g s  o f th e  lig h t cu rv e  m o d ­
elling , as w as d isc u sse d  before .
T h e  m a in  re a so n  fo r th e  b ro a d e r  lig h t c u rv es  o f th e  3D 
su p e rn o v a  m o d e l, as c o m p a re d  to  W 7 , is th e  p re sen c e  of 
h ig h -v e lo c ity  ra d io a c tiv e  N i in  th e  o u te r  lay e rs  o f  th e  m o d e l 
w h ich  is n o t  p re d ic te d  b y  th e  sp h e rica l m o d e l W 7. T o g e th e r  
w ith  th e  fa c t t h a t  SN  2002er a lso  show ed  h ig h -v e lo c ity  Si 
a n d  C a  in  i ts  e a r ly  s p e c tr a  (K o ta k  e t  al. in  p re p a ra tio n )  th is  
a d d s  w e ig h t to  th e  a rg u m e n t t h a t  th e  e je c ta  o f SN  2002er, 
like th o se  o f SN  2002bo  (B e n e tt i  e t  al. 2004), a re  h eav ily  
m ix ed .
8 CONCLUSIONS
O n e  o f th e  m a in  a im s o f th e  E S C  p ro je c t  is th e  a c c u ra te  a n d  
d e ta i le d  s tu d y  o f n e a rb y  T y p e  I a  SN e in  o rd e r  to  im p ro v e  
o u r  k n o w ledge  o f th is  c lass  o f  o b je c ts  e sp ec ia lly  w ith  re sp e c t 
to  th e ir  u se  fo r cosm olog ical p u rp o se s .
T h e  f irs t s te p  a lo n g  th is  p a th  is th e  c o n s tru c tio n  of 
a  d a ta -b a s e  o f  w e ll-sam p led  lig h t cu rv es  a n d  sp e c tro sco p ic  
d a ta  se ts . SN  2002er is o n e  o f th e  f irs t ta r g e ts  o f th is  o b ­
se rv a tio n a l c am p a ig n . F o r th is  o b je c t,  w h ich  w as d isco v ered  
a b o u t  14 d a y s  b e fo re  B  m a x im u m  lig h t, we se c u re d  goo d  
sp e c tro sco p ic  coverage  s ta r t in g  w ith  d a y  — 1 1  a n d  th is  w ill 
b e  p re se n te d  a n d  d iscu ssed  in  a  fo r th co m in g  p a p e r  (K o ta k  
e t  a l., in  p re p a ra tio n ) .  H e re  w e h av e  re p o r te d  th e  re su lts  o f
Photometric Observations of S N  2002er  13
0 20 40 60 0 20 40 60
t, days
F ig u r e  8 . UBVI-colour light curves predicted  by a centrally  ignited 3D m odel (solid lines) and th e  spherically sym m etric  deflagration 
m odel W 7, com pared w ith observed light curves of SN 2002er. Note th a t  no a tte m p t was m ade to  fit th e  observed da ta .
th e  p h o to m e tr ic  o b se rv a tio n s , w h ich  w ere c a rr ie d  o u t  u sin g  
a  la rg e  se t o f te le sco p e s  a n d  in s tru m e n ts .
T h e  U B V R I  m e a su re m e n ts , w h ich  s ta r te d  o n  d a y  —7.3, 
p ro v id ed  v e ry  g o o d  sa m p lin g  o f th e  m a x im u m  lig h t e ra  a n d  
e x te n d e d  u p  to  te n  m o n th s  a f te r  th e  ex p losion . T h e  E S C  
p ro je c t  a im s a t  a  h ig h  level o f o b se rv a tio n a l p rec is io n  a n d  
we h av e  m a d e  p a r t ic u la r  e ffo rts  to  c o rre c t fo r th e  d e p a r tu re s  
o f th e  in s t ru m e n ta l  p h o to m e tr ic  sy s te m s  from  th e  Jo h n s o n ­
C o u sin s s ta n d a r d  sy s te m . T h is  a n a ly s is  h a s  sh o w n  t h a t  in  
som e cases th is  c a n  cau se  tim e - a n d  SN  sp e c tru m -d e p e n d e n t  
sy s te m a tic  d e v ia tio n s  w h ich  c a n  in d ee d  h in d e r  th e  c ro ss­
c o m p a riso n  w ith  o th e r  SN e. In  th is  re sp e c t, we n o te  t h a t  
th e  I  p a s sb a n d  show s th e  la rg e s t n u m b e r  o f v a r ia tio n s  on  
th e  C o u sin s th e m e . W e n o te  a lso  t h a t  p u b lish e d  T y p e  Ia  
SN  lig h t cu rv es  sh o w  th e  la rg e s t v a r ie ty  in  th is  p a s sb a n d  
(S u n tze ff  1996). T h e re fo re , som e o f th e  d iv e rs ity  seen  in  
th is  filte r  m ig h t b e  d u e  to  in s t ru m e n ta l  effects, a  su sp ic io n  
w h ich  c e r ta in ly  n e ed s  m o re  in v e s tig a tio n , in c lu d in g  c ro ss­
checks w ith  th e  sp e c tra l  a p p e a ra n c e  o f sing le  o b je c ts  in  th is  
w a v e le n g th  ran g e .
O n e  o f th e  p ro b le m s we h a d  to  so lve w ith  SN  2002er 
is th e  e x tin c tio n  c o rre c tio n . In te r s te lla r  a b so rp tio n  w as ex ­
p e c te d  d u e  to  th e  lo c a tio n  o f th e  SN  o n  th e  d isk  o f th e  
ed g e-o n  h o s t  sp ira l ga laxy . In d e e d , c lea r sig n s o f in te r s te lla r  
a b so rp tio n  w as p re se n t in  th e  c la ss if ica tio n  s p e c tru m  in  th e  
fo rm  o f N a I  D  a b so rp tio n  lines (S m a r t t  e t  al. 2002). T h is  
w as c o n firm ed  b y  th e  co lo u r cu rv es  a n a ly s is  w h ich  led  to  
E ( B  — V ) =  0.36 ±  0.05.
D e re d d e n in g  th e  lig h t cu rv es, a ssu m in g  a  s t a n d a r d  to ta l - to -  
se lec tiv e  a b so rp tio n  coefficien t R b  =  4 .1 , we o b ta in  a  p e a k  
b o lo m e tr ic  lu m in o s ity  fo r SN 2002er o f log L  =  43.2 ±  0.2 
e rg  s - 1  w h ich  is 0 .07 d e x  (i.e. ~ 1 7 % ) la rg e r t h a n  th a t  o f 
SN  1996X . T h is  is in  sp ite  o f th e  v e ry  s im ila r  sh a p e s  o f th e  
b o lo m e tr ic  lig h t cu rv es  o f th e  tw o  SN e. H ow ever, b y  s e t tin g  
R b  =  3.5 for th e  h o s t  ga laxy , w e o b ta in  ex ce llen t ag ree ­
m e n t for b o th  th e  lig h t cu rv e  sh a p e s  a n d  lu m in o sitie s . T h e
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im p ress iv e  re sem b lan c e  to  SN  1996X  su g g e sts  t h a t  th e  a r t i ­
ficial sh if t we h a d  to  a p p ly  to  m a tc h  th e  tw o  cu rv es  is d u e  
to  d is ta n c e  a n d /o r  re d d e n in g  e rro rs . H ow ever, we d o  n o t  
ru le  o u t  th e  p o ss ib ility  t h a t  th e  lu m in o s itie s  o f SN  2002er 
a n d  SN  1996X  m ig h t b e  in tr in s ic a lly  d iffe ren t. T h is  su sp i­
c io n  is s tre n g th e n e d  w h e n  we e x am in e  th e  b o lo m e tr ic  lig h t 
c u rv es  o f SN  1992A , SN 1994D  a n d  SN  1996X . T h e se  SN e 
a re  c h a ra c te r iz e d  b y  low  e x tin c tio n , b e t t e r  c o n s tra in e d  d is ­
ta n c e s  a n d  sim ila r  A m 15, a n d  y e t th e ir  a b so lu te  lu m in o sitie s  
a re  q u i te  d iffe ren t. W e co n c lu d e  t h a t  th e  s ing le  p a ra m e te r  
c h a ra c te r is a t io n  o f th e  T y p e  I a  SN  m ay  so m e tim es lead  to  
in c o rre c t lu m in o s ity  e s t im a te s  i.e. th e  56N i m ass  m ay  n o t  b e  
a s  s tro n g ly  c o rre la te d  w ith  th e  lig h t c u rv e  sh a p e  as h a s  b e en  
su g g ested . M o re  in fo rm a tio n  a b o u t  th e  s im ila r ity  b e tw ee n  
SN  2002er a n d  SN  1996X  w ill b e  p ro v id ed  b y  th e  sp e c tro ­
scopic  a n a ly s is , w h ich  th ro u g h  sy n th e tic  sp e c tra l  m o d ellin g , 
w ill a lso  give in d e p e n d e n t  d is ta n c e  a n d  re d d e n in g  e s t im a te s  
(K o ta k  e t  al., in  p re p a ra tio n ) .
W e h av e  c o m p a re d  th e  U B V I  l ig h t cu rv es  o f SN  2002er 
u s in g  tw o  ty p e  o f ex p lo s io n  codes: W 7 fro m  N o m o to  e t al. 
(1984) a n d  th e  3-D  m o d e ls  fro m  R e in eck e  e t al. (2002b). W 7 
seem s to  b e t t e r  re p ro d u c e  th e  rise  a n d  p e a k  lu m in o s ity  o f 
th e  SN 2002er lig h t cu rv es, b u t  i t  fails in  th e  p o s t  m a x im u m  
p h a se . T h e  3-D  e x p lo s io n  m o d e l a p p e a rs  to  b e  s y s te m a t i ­
cally  fa in te r  th a n  th e  o b se rv ed  d a ta ,  b u t  b e t t e r  re p ro d u c e s  
th e  ov era ll sh a p e . T h e  3-D  m o d e l p re d ic ts  0 .4  M 0  o f 5 6 N i, 
w h ile  W 7 p ro d u c e s  a  la rg e r a m o u n t (0 .7  M q ) .  T h e  la t te r  
5 6 N i-m ass  v a lu e  is in  g o o d  a g re e m e n t w ith  th e  v a lu e  o b ­
ta in e d  by  m o d e llin g  th e  b o lo m e tr ic  lig h t c u rv e  (0.75 M q ) . 
A s m e n tio n e d  in  se c tio n  6 , su c h  a  la rg e  56N i m ass  is m o re  
c o m m o n  for slo w er-d ec lin in g  SN e Ia . T h e  56N i m ass  co u ld  
b e  o v e re s tim a te d  d u e  to  e rro rs  in  th e  d is ta n c e  a n d /o r  a b ­
so rp tio n  v a lues, b u t  i t  m ay  also  im p ly  t h a t  th e  c o rre la tio n  
w ith  th e  lig h t c u rv e  sh a p e  is n o t  so s tro n g .
A lth o u g h  SN  2002er c o u ld  b e  d e fin ed  as a  “n o rm a l” 
T y p e  I a  SN , som e sm a ll d ifferences, n o t  a ffec ted  b y  th e  
u n c e r ta in t ie s  in  d is ta n c e  a n d  re d d en in g , h av e  b e e n  h ig h ­
lig h te d  th a n k s  to  th e  ex ce llen t p h o to m e tr ic  coverage. C o m ­
p a r is o n  o f th e  p re -m a x im u m  p h a se  o f SN  2002er w ith  t h a t  
o f  SN  1994D  show s th a t ,  d e sp ite  th e  tw o  SN e h a v in g  sim ila r  
A m 15, SN  2002er rises m o re  slow ly in  th e  U  a n d  B  b a n d s  
b u t  fa s te r  in  th e  I  filte r. T h e  B  l ig h t cu rv es  o f SN  2002er 
a n d  SN  1996X  a re  a lm o s t in d is tin g u ish a b le  u n til  30 d a y s  
a f te r  th e  B  m a x im u m  lig h t, b u t  th e  sh o u ld e r  b e tw e e n  15 
a n d  30 d a y s  in  th e  V  a n d  R  b a n d s  is c lea rly  m o re  p ro ­
n o u n c e d  in  SN  2002er th a n  in  SN  1996X . SN  2002er also  ex ­
h ib its  a  d e e p e r  a n d  e a r lie r  m in im u m  in  th e  I filte r  t h a n  does 
SN  1996X . T h e  (V  — R ) 0  c u rv es  show  a n  e v en  la rg e r d isp e r ­
sion: o n  th e  o n e  h a n d  one  h a s  n o rm a l  e v en ts  like SN  1994D 
o r  SN  1996X  a n d  o n  th e  o th e r  d e v ia n t  o b je c ts  like SN  2002bo 
( A m 1 5  ~  1 .1 ), w h ich  a t  an y  tim e  is c lea rly  b lu e r  (see fo r e x ­
am p le  F ig . 6 ). SN  2002er show s a n  in te rm e d ia te  b e h av io u r .
A ll th e s e  fa c ts  te n d  to  s u p p o r t  th e  e m erg in g  id e a  t h a t  
a  sing le  p a ra m e te r  d e sc r ip tio n  is n o t  suffic ien t to  fu lly  c h a r ­
a c te r ise  T y p e  I a  SN e (see th e  d iscu ss io n  in  B e n e tt i  e t  al. 
2004).
A C K N O W LED G M EN TS
W e th a n k  E n ric o  C a p e lla ro  for ca re fu lly  re a d in g  th e  
m a n u s c r ip t  a n d  fo r h is  a d v ise  o n  p h o to m e tr ic  d a ta  re d u c ­
tio n . S te p h e n  J. S m a r t t  th a n k s  P P A R C  fo r th e  f in an c ia l a s­
s is ta n ce . T h is  w o rk  is p a r tia l ly  b a se d  o n  o b se rv a tio n s  m ad e  
w ith  E S O  T elesco p es a t  th e  L a  S illa  O b s e rv a to ry  u n d e r  p ro ­
g ra m m e  ID  169.D -0670, ID  59 .A -9004  a n d  P a ra n a l  O b s e r­
v a to ry  u n d e r  p ro g ra m m e  ID  073.D -0853. I t  is s u p p o r te d  
in  p a r t  by  th e  E u ro p e a n  C o m m u n ity ’s H u m a n  P o te n tia l  
P ro g ra m m e  u n d e r  c o n tra c t  H P R N -C T -2 0 0 2 -0 0 3 0 3 , “T h e  
P h y s ic s  o f  T y p e  I a  S u p e rn o v a e ” . T h is  w o rk  is a lso b a se d  o n  
o b se rv a tio n s  p e rfo rm e d  a t  C a la r  A lto  O b se rv a to ry , S p a in , 
th e  Ja c o b u s  K a p te y n  T elesco p e  ( J K T )  o f th e  Isa ac  N ew ­
to n  G ro u p , L a  P a lm a , th e  B e ijin g  O b se rv a to ry , C h in a , th e  
W e n d e ls te in  O b se rv a to ry , G e rm an y , b y  O t to  B a e rn b a n tn e r  
a n d  C h r is to p h  R ies, th e  I ta l ia n  T elescop io  N a z io n a le  G alileo  
(T N G ), L a  P a lm a , th e  A siag o  O b se rv a to ry , I ta ly . T h e  T N G  
is o p e ra te d  o n  th e  is lan d  o f L a  P a lm a  b y  th e  C e n tro  G alileo  
G a lile i o f  IN A F  ( I s t i tu to  N a z io n a le  d i A s tro fis ica ) a t  th e  
S p a n ish  O b se rv a to r io  d e l R o q u e  d e  los M u ch ach o s  o f th e  
I n s t i tu to  d e  A s tro fis ic a  d e  C a n a ria s . T h is  w o rk  h a s  m ad e  
u se  o f th e  N A S A /IP A C  E x tra g a la tic  d a ta b a s e  (N E D ) w hich  
is o p e ra te d  b y  th e  J E T  P ro p u ls io n  L a b o ra to ry , C a lifo rn ia  
I n s t i tu te  o f  T echno logy , u n d e r  c o n tra c t  w ith  th e  N a tio n a l  
A e ro n a u tic  a n d  S p ace  A d m in is tra t io n . W e h av e  also  m ad e  
u se  o f th e  L y o n -M e u d o n  E x tra g a la tic  D a ta b a s e  (L E D A ), 
su p p lie d  b y  th e  L E D A  te a m  a t  th e  C e n tre  d e  R ech e rch e  
A s tro n o m iq u e  d e  L yon , O b se rv a to ire  d e  L yon.
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